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Greenhouse  Bench  or  Conservatory  Bench 

of    Concrete,    * .\iay  211 

Grouted,     Concrete     Surfaces      Plastered 

and,  C    Jan.     88 

Gun  Carriages  of  Concrete,   * Mar.  112 

— Cement,    in    Protection   of   Steel    Via- 
ducts,   *    May  206 

— on   Elephant    Butte  Dam,   Use  of  the 

Cement     May  216 

H 

Hardening,   Calcium   Chloride  to  Acceler- 
ate     Jan.     18 

Hamilton    Concrete     Highway,    Construc- 
tion Methods  on  the  Toronto.  .Feb.     54 
Hauling  Materials  and   Water  Supply  for 
Concrete  Roads,  Report  of  Conunit- 

tee    5 — Handling    and Mar.  105 

Hitching   Post,    the  Curbing,    * lune  265 

House,    A    Simple   Apparatus   Raises   Side 

of  Concrete,   *  Eq Jan.     42 

—at  South  Orange,   N.  J.,   Eight   Years 
of  Nature's  Work  on  Concrete,  *.. 

Jan.      8 

— Building    Specialist,    A    Slogan   for   a, 

E    Jan.      1 

—  (Bungalow)    With    Home    Made    Ma- 
chine. Builds  Hollow  Wall.  *..Jan.    30 
—Complies    With    Salem's    Strict   Build- 
ing Code,   Typical  Two-Famil  ,   '■  ■ 

°  .  ...r 'an-     24 

—Concrete"    Boulders     and    Casements, 

Features  of  Waco,   * ''an.     28 

—Concrete   Floor  Construction  for  a. 

Feb.     84 

— Co'nstriicted'byNew    Form    System, 

Concrete,    *    ;, -^an-     '- 

—Construction,   Furring  Walls  or   Pins- 

tering  Direct  in  Concrete,  f-C.  .Jan.     36 
—Construction  at  Kansas  City,  Mo.,  An 

Example  of   Fireproof.    * Jan.     14 

—Built  Without  Wood  Forms,  *..Jan.  3 
—Economically   Built   in  Cold  Weather, 

A   Double  Wall  Concrete,    *...Mar.  HI 
— Hahn.    *    Jan.       3 


CONCRETE 


—Id  rrnctlcal,  The  Concrete,  E Jan.      1 

— of  (hhmI  Appcnrnnec,  Cliicngo  Con- 
crete   niock.    * Jan.    20 

— of    Shiicii    on    Frnme    Built    for    An 

Arcliitcot.   Attractive,   * Jan.     18 

on    VVatclnind    Mt.    Has    Fcaturoo    of 

Concrete,    Interesting,    • Jan.     10 

Hiimplirey  Co..  Cleveland,  Ohio,   •... 

Jan.    SI 

— Selected       AKereRates       for       Facing 

WalLs  of  Concrete.   • Jan.       8 

—Shonid    Win    This,    Concrete Jan.     VJ 

— Surface  Treatment  of   a  Concrete,   • 

Jan.      ♦ 

—To   Be   Built   of  Concrete,    A   "Band 

Box"  Two  Family.  * Feb.    «1 

— With  ronrretc  Walla  and  Floors,   An 

Archltecfs   Own,   * Jan.     10 

— With  I're-Cast  Walls,  A  Concrete,  *.. 

,..     May  lOT 

— With     Simple    Equipment,     Engineer 

n«iilds  F.eonoinieai  Conerete,  *.Jan.  3 
—With     TIIc-Llned     Wails     at     Jersey 

City,   N.  J.,   A   Concrete,   * M:ir,  110 

Houses,  Bungalows,  Camps  and  Mountain 

(Book)    M,ir.  KO 

— Erected    at    Newark,    Ohio,    A    droup 

of    Concrete.    * Ian.     20 

— for   Industrial   Operatives,   Low   Cost, 

*    June  2S8 

— In    Edinburgh.    Concrete Jan.      2 

— of  Concrete  Block  and  Stucco,  Eng- 
lish   Rural    Two-Family.    * Jan.    20 

— of   I'oureil   Concrete  Erected  at  Mid- 

dleburg.    Va..  Two,   * Jan.    22 

— With  Unit  Forms  and  Continuous 
Conve  or  System.  Building  Low 
Cost,  '   Jan.    SI 

Hou.stciTi.      Texa.s.      A      00-ln.      Monolithic 

Storm    Sewer    at.    * hi  ne  247 

Humphrey  Co.   Homes,  Cleveland,  Ohio.   • 

Jan.     81 

Hyde  (Louis  K.)    Home  at  Plainncld.   N. 

J.,   *    Jan.     10 

Hydrated   Lime  in   Concrete,   To  Test... 

Jan.     40 

— Lime  in  Dry  Tamp  Mixtures  of  Con- 
crete,  The    Use  of,   I-C May  228 

I 

Insert,  A  Simple  Concrete,   * Feb.    02 

Institute,   American   Concrete Feb.    89 

— Convention  of  the  American  Concrete 

Jan.     3!) 

— Twelfth    .\nnual    Convention    of    the 

A,»uriauM      Oonoroto      Institute ..  Mnr.     IK 

Irrigation  Canals,  Design  and  Structural 
Details  of  Concrete  Lining  tor,  *.. 

Apr.  174 

— Canals,  Joints  in  Concrete  Lining  of, 

*    Apr.  177 

— Canals,  The  EITect  of  Alkali  on  Con- 
crete   Lining    of,    * Apr.  173 

Inspection     i'rublems    in    Concrete    Koud 

Work,    ILstiniating   and May  228 

Insulating  and  Waterprooling  the  Hoof 
of  An  Underground  Koom,  *  I-C. 
Mar.  133 

J 

Joint  Location  and  Construction  for  C<m- 
crete  Roads — Committee  10  (Kd. 
Conf.)     ' Apr.  164 

Joints   in   (!;oncrcte   Lining  of   Irrigation 

Canals,    *    Apr.  177 

— Exposed  to  Currents  of  Water,  Mor- 
tar for   Mar.  112 

K 

Knoxville,  Tenn.,  Construction  of  a  High 
Concrete  Tank  at.  with  Silo  Farms 
*  May  217 

L 

Labor,   Machinery  vs.    Hand.   E June  242 

—The  Crowing  Scarcity  of.   E June  241 

Lath  U.sed  in  Sheet  Form.  A,  '  Eq.  .Apr.  190 
Lathe    Used     in     Finishing     Surfaces    of 

Some   Circular    Troduets,    * Feb.     09 

Level  Sliows  Grade.   New.   *   Eq Jan.     41 

Lisiitins    Standard    Made    by    Centrifugal 

Process,   Concrete,    * .Vpr.  152 

Light,    Novel    Jan.     26 

Lime   in   Concrete,   To   Test    Hydrated... 

.    Jan.    40 

—in    Dr      Tamp    Mixtures  of  Concrete, 

Hydrated,   1-C   May  228 

M 

MacArthur    System    of    Wet-Made    Block, 

,,  .     *  ^9  May  237 

Maintenance  of  Concrete  Roads May  222 

Manual  Training   in   Concrete June  275 

Markers  on    Yellowstone    Irail.  Concrete, 

May  234 

Masonry  as  .Applied  to  Civil  Ensineering 

(Bi.ok)    Mar.  141 

Massachusetts    State    Farm,    Concrete    on 

'he    Mar.  115 

Massey    (G.    Gordan)    House    at    Middie- 

burg,    Va..    * Jan.     22 

Materials  for   Form   Work,   * Apr.  1.59 

— of  Construction  (Book)   Apr.  187 


Mathematics,  Simpllllcd  Reinforced  Con- 
crete    (Book)    Mar. 

Metal     Materials.    Sanitary    Trim    Easily 

Secured  by  New,   *   f.V; Ma" 

Methods,   A   Scliool   of,  E Jan. 

Mid-West   Cement    Users'   Assn Feb. 

Mines— A    Downward   System,   Lining  the 

Shafts  of    Mar. 

Mixer,   A    Reliable  I.ow-CJost,  *   K//. .  May 

— for   1910.   The  Concrete.    E M:ir. 

—for   Road   Work.  Test  of  Higli   Drum 

(Kd.    Conf.)     Apr. 

—of   10  cii.  ft.  Unmixed  Material.   Pav- 
ing.   *    Eq May 

—Old   Rubber  Tires  Smooth  Road    for. 

*  Eq  May 

—Small    Paving.    *   Eq May 

—The  Northwestern  J- ft.,  *  Eq Apr. 

— Valuable    on    Country    Roads,    Five- 

Foot    Roadster   Concrete.    *....Fcb. 

Mixers.   A   Hnrrv-Up  Job  Made  Necessary 

Record    Size.    *   Eq .Apr. 

— Prove    Economical    on    Large    Work, 

Small    Mar. 

Mixing  .nnd  Placlne  Concrete  for  Con- 
crete Road  (Rd.  Conf.).  Commit- 
tee B.   * Aor. 

—More  Time   In    (he.   E Mar. 

Mixture    Be    Used    on    Bulldlngg,    Shoulil 

More  Than   One,   C May 

—for  Paving,   Drier.   E Mar. 

Mix.  Water  in   the.  E Apr. 

Model.    P'neter    Piece    Mold    from   Carved 

Plaster.     *     Feb. 

Modeled  Concrete.  Portage  Park.  Chi- 
cago,   ♦    Apr. 

— by   New   Vork   .Sculptor.  Portland  Ce- 
ment  or   Plaster   Mixtures Feb. 

Mold  from  Carved  Plaster  Model,  Plas- 
ter  Piece.    * Feb. 

Molds  for  Making  Steps.  Sand.  ♦....F"b. 
Mortar  and  Concrete,  Effect  of  Salt  Wat- 
er on  Brick ...Apr. 

— for    Joints    Exposed    to    Currents    of 

Water    Mar. 

— Made  from   Fine  Sand   Harden  Slow- 
ly.   Does.    Why?    I-C Apr. 

Mortars.   Test   of Apr. 

Moyer      (.Mhert)      Residence      at      South 

Orange.    N.   J..   * Jan. 

Murphy  (E.  W.)  House  at  Middleburg, 
Va.,   *    Jan. 

N 

NnwnrV.  nhin.  A  nrnnn  nf  Concrete 
Houses    Erected    at.    * Jan. 

New  Zealand.  Block  Houses  Plastered  Di- 
rect  in,   * Jan. 


o 


Oil   and    Portland   Cement Jan. 

—Industrial   Uses  nf  Fuel    (Book). Mar. 

—on  Concrete.  Effects  of Feb. 

Omaha   Convention   and   Sliow,  The.. Aor. 
Ornament    in    Reinforced    Concrete   Build- 
ings.   Architectural    Mar. 

Overhead    Charses    to    be    Considered    in 
Making  Up  a  Bid .Apr. 


Paiiette  for  Structural   Tile.   * June 

Panama  Canal  in  Their  Reiation  to  Ge- 
olog-  and  Topography.  Some  Ensi- 
neering  Problems  of  the  (Pamph- 
let)     Apr. 

Park  Benches.  Concrete  Coming  Into  Gen- 
eral   Use   for.    * Mar. 

Park.  Chicago.  Concrete  Improvements  in 

Portage.    *    .Apr. 

Pavement.  Special    Features   in Mir. 

Pavements  and  Slioulders  for  Concrete 
Roads.    Report    of    Committee    2 — 

Economical    Widths    of    

(Rd.  Conf.)   Mar. 

—for    Heavy   Travel.   Concrete   Founda- 
tions   for    Mir.  1 

— Report    of    Committee    on    Concrete 

Roads    and    Mar.  1 

Paving,    Drier   Mixture  for Mar. 

— in    1915,    16.401,346   Yds.   of  Concrete 

May  ; 

— Leads    in    Seven    Cities,   Concrete. 


Jun 


— Methods  in  Sioux  City,  la..  Good  Re- 
suits  from   Unusual  Concrete Mar. 

Pendleton,  Ore.,  Construction  of  a  Con 
Crete   Swimming    Pool   at    * .Apr. 

Pergola  Columns  At  Low  Cost,  Concrete 
Fireplace   and    Concrete   * Jan. 

Piers  and  Cantilever  .Abutments.  A  Rein- 
forced Concrete  Slab  Raiirojid  Bridge 
witli   Skeleton    * May 

Piers   for  Bridges,   Design   of   • Feb. 

Pile.  A  Combination  Concrete  and  Wood 
*    .Apr. 

Piles  at  Long  Island  City.  Test  of  Con- 
crete   *    Feb. 

— Notes  on  Procedure  in  Testing  Con- 
crete   *    Apr. 

Pipe  and  Traffic  Regulations,  Concrete, 
B  Mar. 


—Assn.,    Am.    Concrete Jan.     40 

— A.ssn.    Convention,    Am.   ConcreteFeb.     00 
—Association.    Convention    of    the    Am- 
erican  Concrete   Mar.  131 

-for     Sewers— Clay     Man     Objects     to 

Concrete   Feb.    87 

— Reinforced   Concrete    Mar.  132 

— Should    Maniifncturers    Contract    for 

Laying  Their  Own    Mar.  131 

Placing   Concrete,    Mixing   and    for   Con- 
crete Road,  Committee  8  (Rd.  Coif.) 

*     Apr.  161 

Plasterers,  A  TIme-Saving  Table  for. Apr.  173 
Plastering  Direct  in  Concrete  House  Con- 
struction.   Furrlmr   Wails  or   /-CJan.     88 
Plaster   Mixtures    Modeled    liy   New   York 
.Sculptor.    Portland   Cement   or. .   Feb.     55 
— Piece     Mold     From     Carved     Piaster 

^'odel  *   Fel).     73 

Poiisliing   a   Concrete  Table   Top    *..Feb.     74 

Poreii    Floor    May  213 

—Replacing  the  Old  ' Mav  221 

Portland     Cement     Association,     The     E 

Mar.     96 

— rnment     A.s.sociation     will     move     to 

Chicago    Feb.     46 

I  list.    The   Curbing   Hitching   * June  265 

I'osts.    Selling— A     Products    Manuf.Ttnr- 

cr's   Sales   Campaign Juie  272 

Prep.'iredness    for    a    Test,    There's    Noth- 
ing   Like    E Mine  241 

Products      Field.      Some     How-The  -Dolt 

Details  from  the  Concrete  * Feb.     67 

— 1  atl-e     llsp'l     in     Finishing    Surfaces 

of  Some   Circular    * Feb.     69 

— Mnnufneture.  Consistency  of  Concrete 
With    Hydrated    Lime    in    Dry    Tamp 

'C     May  228 

-Manufacturer's  Sales  Campaign— Sell- 
ing Posts   June  272 

—Plant.    F.qiiipment    and    Operation    of 

a    Large    * Feb.     69 

—Plant.  Selling  and  Cost  Keeping  Ide-is 

from    Barberton    Concrete    * Feb.     67 

Proportions  of  Materials  and  Con.sistency 
of    Concrete    for    Roads.    Report    of 

Committee  7   (Rd.  Conf.) Mar.  108 

Protection   and   Curing  Concrete   Roads — 

Committee    12    (Rd.    Conf.) Apr.  169 

Purcliasing    (Book)     Mar.  140 

R 

Railroad  Bridge  with  Skeleton   Piers  and 
Cantilever    Abutments,    A    Reinforced 

Concrete  Slab  *    May  232 

Railway    Shelters    * Feb.     30 

Rees  (Rev.  Seth  O.)   Home  in   Pasadena, 

„   ,  Cal.    *    Jan.     39 

Reinforced   Concrete  Construction,   Gene- 
sis   of    Mar.  117 

— Concrete,   Tests  of   Mar.  119 

— Concrete       Mathematics,       Simpiifled 

(Book)    Mar.  140 

Reinforcement   of  Concrete   Roads,    Com- 
mittee 9    (Rd.  conf.) Apr.  163 

— Spacing    Bar    Insures    Exact    Placing 

„   .  of   *    Feb.     92 

Reinforcing   in    Heavy  Circular  Construc- 
tion.  Splicing  I-C   June  273 

Reservoir    Floor   Used    for   Dancing,   Con- 
crete      Mar.  141 

Retaining  Wail   Construction    * Apr.  147 

Road,  Ailvanced  Practice  with  Economical 
Results    on    the    Ailentown-Easton    * 

Feb.     51 

— and     Bridge     Slabs.      Test     Concrete 

Feb.     86 

— A   Strikeboard   for  a  Concrete  *  Re- 
port  of  Com.   8    (Rd.   Conf.) Apr.  161 

— Builders    Assn.,    Am Jan.     40 

— Builders'    Assn.    Suggests    Joint    Con- 
vention,    Am Jan.    40 

-Building,      Reports     of     Committees. 
National      Conference     on      Concrete 

May  222 

— By    Dav    Labor.    Construction    of    tiie 

Toronto,   Hamilton    Mar.  122 

— Conference    Committee    Reports,    Fur- 
ther   Consideration    of    * .Apr.  181 

— Conference    Considers    17    Committee 
Reports    and     Recommends     Practice 

.Mar.     99 

— Construction    Methods   on   the   Toron- 
to-Hamilton   Concrete Feb.     54 

— Construction,    Newly    Adopted    "Rec- 
ommended     Practice"      in      Concrete 

Mar.  100 

—etc..    Tiie    Construction    of    the    Du- 

Pont    Mar.  122 

— Organization.     To     Combine     The     E 

— Surfaces.    Bitumen    on May  223 

— Tlie    Construction    of    the    Easton-Al- 
lentown   Concrete    Mar.  122 

—Work.  Test  of  High  Drum  Mixer  (Rd. 

conf.) Apr.  162 

Roads    and    Pavements.    Report    of   Com- 
mittee on   Concrete    Mar.  121 

—Finishing      and      Curing      Concrete — 
Committee    12    (Rd.    Conf.) Apr.  165 

— Grading  Aggregates   for   Illinois  Con- 
crete   *    May  209 

III 
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—How    the    Shiciy    of.    Has    Helped    E 

May  193 

— Joint    Location     and     Construction — 

Committee  10   (Rd.  Conf.) Apr.  164 

— Maintenance    of    Concrete May  222 

— Portland  Cement  Concrete  Pavements 

for    Country    (Pamphlet) Apr.  187 

— Protection     and     Curing     Concrete — 

Committee    12    (Rd.    Conf.) .^pr.  1C9 

— Reinforcement  of  Concrete — ^Commit- 
tee   9    (Rd.    Coflf.) Apr.  16ii 

— Report  of  Committee  1 — Drainage  and 
Preparation  of  Sub-Grade  for  Con- 
crete        Mar.  102 

■ — Report  of  Committee  2 — Economical 
Widtlis   of  Pavements  and   Shoulders 

for    Concrete    Mar.  103 

— Report  of  Committee  3 — Problems  of 
Design.  Thickness,  Crown  and  Cirade 

of  Concrete    Mar.  103 

— Report    of    Committee    4 — .'\ggregates 

for  Concrete   Mar.  104 

— Report  of  Committee  5 — Handling  and 
Hauling  Materials  and  Water  Supply 

for  Concrete   Mar.  105 

. — Report  of  Committee  6 — Organization 
of     Concreting     Crew     for     Concrete 

Mar.  106 

— Report  of  Committee  7 — Proportions 
of  Materials  and  Consistency  of  Con- 
crete   for    Mar.  108 

— Up  to  20'  Wide,  Strikeboard  for  con- 
crete,   Committee    12    (Rd.    Conf.)    * 

Apt.  165 

Roof      Trusses — Types      in      Use— Design 

Methods    *    June  251 

Roofing  of  Concrete  Tile Jan.       5 

s 

St.    Louis,    Construction    of    100    Million 

Gallon   Filter  Plant   at   * June  260 

Sacks  to  the  User.  Cost  of  Cement.. Apr.  181 

Salem's  Strict  Building  Code,  Typical 
Tivo-Family     House     Complies     With 

^  ,  *  •• Jan.     24 

Sales  Campaign,  A  Products  Manufac- 
turer's—Selling  Posts    June  272 

Salt  Water  on  Brick,  Mortar  and  Con- 
crete,   Effect  of   Apr.  149 

Sampling,  Concrete  Aggregates:  Second 
Article-;Tests    and    Test    Mehods— * 

^       Feb.     62 

Sand  and  Gravel  Storage  Plant  Design 
and    Construction     Features    of    a    * 

..... , May  219 

— Harden  slowly.'  Why:  Does  Mor- 
tar  Made   From    Fine   I-C .\pr.  180 

— Molds   for   Making  Steps    * Feb.     75 

—Tester,  The  Use  of  the  Universal 
Mar.  123 

Sash   Balance  for  Concrete   Buildings,   .\ 

Spring  *  Eq    Mar.  142 

School,  Summer  Engineering June  275 

Schubert   (Herman  J.)    Inventor  of  Form 

System     Jan.     32 

Schulzke  (William  E.)   House  "* Jan.     18 

Selling  and  Cost  Keeping  Ideas  from 
Barberton  Concrete  Products  Plant 
*    Feb.     67 

Septic  Tank  Royalty  Claims^  League  to 
Contest    E    Apr.  lis 

Sewer   and   Snow   Disposal   System,   New 

Combined    Eq.    * May  238 

— at  Houston,  Texas,  A  60-in.  Mon- 
olithic   Storm    * June  247 

— ^Design,  Reinforced  Concrete   in. Mar.  I's 
— Material?— Let     49     Municipal     Engi- 
neers  Answer.     Is   Concrete   a   Good 

:;•■••; Feb.     76 

—Methods  and  Cost  of  Constructing  a 
60-m.   Reinforced   Concrete   • Ma.    195 

Sewers    and     "Preparedness,"    Silos,     E 

............   Pel,     4j 

— Clay  Man  Objects  to  Concrete  Pipe 
for     pgj,      g. 

Shafts    of    Mines— A    Downward    System, 

ci^""°^rf'"'  •■.' Mar.  139 

Shells   as   Concrete   Aggregate,    Beach   C 

r...   •■,"■",•••. Mar.  137 

Shingle,   Again  the  Demon  Wood  jB.May  193 
Shoulders  and  Curbs,  for  Concrete  Roads 

Construction    of— Committee    13    (Rd 

^,    ^"^-l     Apr!  iro 

Show  As  An  Influence  in  Upbuilding  the 

Industry,     The    Chicago    Cement     E 

—Blaine  S.  Smith  to  Have  Fuli 'charge 

of   Next   Cement June  ,-, 

—Operations  in  Making  Wet  Cast  Block  ' 

to  be  Demonstrated  at  Cement.. Feb  91 

~^';'"^J^^!>}<ires   of   the   Cement.. Jan.  39 

,,—'''<'    ""'?''"   Convention   .and.... Apr.  180 

.Slinnkage   of    Reinforced    Concrete.  .Mar.  144 

Sidewalk   Finishing,   A   Drier   "Top"   and 

Long-Handled  Tools  Speed    Up.. Apr.  189 
Sidewalks  and  Floors,  Report  of  Commit- 

=■11  l?,,""  a----; ^'ar.  116 

Sill   Molds,  Special   Window.   Eq May  238 

Silo   Block,   Simple   Mold   for   -   Eg.. Mar.  143 
— Construction,    Efficient  Reinforcing  is 
a   Feature  of  a   New  Block  for   'Eq 
May  239 

IV 


—for  Permanence,  The  Concrete  B.Feb.     46 
—Forms  Used  in  Tank  Construction  at 

Knoxville,    Tenn.    *    May  217 

—Stave    Plant,    Bulk    Cement    in    a    * 

• Feb.     71 

— Staves,  Simple  Operations  in  Making 

*    ^9 Mar.  143 

— Storrs    Agricultural    Experiment    Sta- 
tion  Endorses  the   Concrete,   E..Feh.     45 

Silos,   Concrete    (New   Book) Feb.     90 

— Sewers    and    "Preparedness,"    S.Feb.     45 
— the    Testimony    of    the    Show,     Con- 
crete.   E Mar.    96 

Sioux  City,   la..   Good   Results   From   Un- 
usual   Concrete    Paving    Methods    in 

Mar.  125 

Slabs.    More    About    Stresses    in    Concrete 

Beams   C   *    Mar.  138 

—Tests   on    Large   Reinforced   Concrete 

• Mar.  121 

Slag   Concrete   Shows    High   Strength,    Eq 

.4pr.  191 

Soap    and    Alum    Waterproofing June  272 

South  Dakota,  Aggregate  Survey  in. June  265 
Spacing    Bar    Insures    Exact    Placing    of 

Reinforcement    *     Feb.     92 

Spandrel    Design    • Feb.     82 

Specifications    for    Concrete    Roads.  .Mav  224 

—for    Stucco    June  267 

Spouting    Equipment    for    Small    Work    * 

Eq Mar.  143 

Staff,   Relative  Durability  of  Stucco  and 

Stairs  Cast  in  Separate  Units  "forBoston 

Transit   Commission  *    May  199 

Stave    Plant,    Bulk    Cement    in    a    Silo    ♦ 

Staves.  Simple  Operations  in  Making  Silo 

Eq     Mar    143 

Steam-Jetted  Concrete,  Relining  .V  Tun- 
nel    With Mar    lis 

Steel      Buildings,      Substantial      Portable 

Pressed  *  Eq Apr    191 

—in     Reinforced     Concrete,     Bond     of 

...........  Apr.  151 

—Market    and    Concrete    Construction. 

The,    E    Apr    145 

Step    at    Drinking    Fountain   Concrete    * 

•  • '. Mav  221 

—Building    Easy,    New    Device    Makes 

Concrete    *     Feb.     94 
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Tlif  Concrete  House  is  Practical 

^OMK  time  ago  this  magazine  was  asked  whether 
or  not  in  its  estimation  concrete  houses,  after 
concrete  roads,  are  likely  to  consume  the  largest 
amount  of  cement.  The  progress  of  the  field 
seems  to  indicate  that  the  concrete  house  presents 
the  greatest  possibility,  but  not  the  greatest  im- 
mediate prospect. 

Tlie  concrete  house  is  not  a  big  immediate  pros- 
pect in  the  field  because  architects  are,  in  the  main, 
thinking  in  terms  of  other  materials  and  do  not 
design  concrete  houses  economically.  The  concrete 
house  is  not  a  big  immediate  prospect  because 
only  a  few  builders  have  studied  the  special  con- 
struction problems  and  applied  economical  meth- 
ods to  such  work. 

The  concrete  house  has  great  possibilities  be- 
cause with  known  methods,  the  concrete  house, 
large  or  small,  can  compete  in  cost  with  other 
structural  materials,  value  for  value,  and  while 
concrete  properly  erected  does  not  suffer  by  com- 
parison in  appearance  and  while  concrete  pos- 
sesses advantages  in  permanence,  insulation,  abil- 
ity to  use  local  material  and  in  fire  protection, 
which  are  denied  competing  materials,  still,  in 
spite  of  this,  the  CAN  in  this  possibility  compre- 
hends vastly  more  knowledge  among  architects 
and  builders  of  concrete  and  how  it  should  be 
handled.  Thcv  have  wrestled  with  the  problems 
of  big  building  construction  and  in  large  measure 
solved  them.  There  are  big  rewards  for  builders 
who  will  so  wrestle  with  the  problems  of  house 
construction. 

The  one  great  foe  of  the  concrete  house  is 
ignorance — ignorance  on  the  part  of  the  architect, 
wlio  is  often  slow  to  suggest  new  methods  to  his 
clients  and  often  mentally  lazy,  in  that  he  will 
not  make  the  effort  necessarv  to  acquire  the  work- 
ing knowledge  with  which  to  design  economically 
in  concrete  and  to  co-operate  with  the  builder  to 
secure  proper  construction  methods,  and  ignorance 
on  the  part  of  the  builder,  who  prefers  to  follow 
a  rut  and  places  a  prohibitive  price  on  concrete 
house  construction  when  asked  to  figure,"  instead 
of  investigating  the  avenues  of  possibilities  opened 
in  this  new  field  and  welcoming  a  chance  to  show 


what  can  be  done  at  reasonable  cost  by  modern 
metliods.  Lastly,  there  is  the  ignorance  of  the 
worker,  he  who  handles  the  tools,  and  who  seldom 
shows  a  desire  to  embrace  new  methods  which 
would  eventually  lead  to  his  own  advancement. 

It  is  hoped  that  tlic  variety  of  methods  and  of 
liouses  presented  in  this  magazine  will  serve  as  an 
inspiration  and  a  spur  to  greater  efforts. 


A  Slogan  For  a  House-Building 
Specialist 

/JETTING  a  fireproof  house  for  permanence 
and  comfort  at  a  cost  little  or  no  more  than 
the  cost  of  inflammable  construction  which  re- 
(juires  continuous  expenditure  for  upkeep  depends 
chiefly  upon  the  ingenuity  of  architect  and  builder. 
There  are  accounts  in  this  magazine  of  the  exer- 
cise of  such  ingenuity.  Common  knowledge  of  the 
methods  by  which  low-cost  concrete  houses  are  pro- 
duced does  not  exist  in  the  sense  that  there  is  a 
great  deal  of  common  knowledge  of  carpentry  and 
masonry  methods.  Ingenious  individual  builders 
— frequently  building  houses  for  themselves  in 
dull  seasons — are  gradually  adding  to  the  store 
of  knowledge. 

A  builder  might  well  specialize  in  concrete 
houses.  He  would  have  to  be  close  to  the  archi- 
tect designing  the  house.  The  two  could,  by  a 
little  foresight — a  little  thinking  in  the  terms  of 
concrete — do  a  great  deal  to  encourage  fireproof 
home-building. 

It  would  seem  that  having  done  two  or  three 
attractive,  moderate-priced  houses  a  builder  could, 
by  seeing  to  it  that  his  name  was  associated  with 
the  idea  of  good  service — work  well  done — an  eye 
to  the  owner's  interest  and  all  the  other  things 
that  are  understood  by  the  term  good  service, 
build  up  a  specialist's  business  in  a  line  on  which 
his  name — by  advertising — ^would  signify  some- 
thing. A  builder  who  followed  such  a  course 
should  not  fail  to  have  his  name  permanently  and 
continuously  associated  with  his  work.  Let  that 
name  stand  so  unmistakably  for  a  certain  kind  of 
work,  that  work  and  name  become  associated.     The 
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foundation  for  siicli  a  plan  of  cam- 
paign is  in  a  few  jobs  particularly 
well  done — a  few  satisfied  owners. 
Let  the  public  learn  such  a  slogan 
as  this:  "Smith-Built  Concrete 
Houses — for  Permanence." 

Composition  Flooring 

PJ^LSEWHERE    in   this   magazine 
will   be    found    a   discussion    of 
magnesite  or  "composition"  floors. 

It  is  believed  that  many  readers 
will  welcome  an  impartial  discussion 
of  this  subject.  Composition  floors 
have  appealed  to  many  as  represent- 
ing a  line  of  work  which  belongs 
particularly  with  concrete  work,  for 
two  reasons:  because  of  the  possible 
value  of  the  material  as  a  finish  for 
concrete  floors  and  because  the  work 
itself  seemed  to  fit  in  with  some  of 
the  trades  of  concreting.  For 
months  the  Editors  have  been  col- 
lecting the  experience  of  those  who 
have  in  some  way  had  experience 
with  this  material.  It  is  recognized 
that  the  facts  as  presented  do  not 
represent  the  last  word — the  last 
word  cannot  be  written  for  years  to 
come — and  the  Editors  urge  every 
one  who  has  had  experience  with  the 
material  in  any  way  to  send  an  ac- 
count of  his  experience  to  this  maga- 
zine. Such  letters  will  be  considered 
confidential  where  desired,  but  they 
will  be  valuable,  as  the  greater  the 
mass  of  testimony,  the  nearer  the 
truth   can   conclusions   be  drawn. 

This  magazine  is  neither  for  nor 
against  the  magnesite  floor — the  ma- 
terial— but  it  wishes  to  hold  an  op- 
timistic attitude  toward  a  material 
that  seems  to  have  much  merit  and 
which  is  of  interest  in  the  concrete 
field  because  of  the  two  reasons 
given. 

Unfortunately  composition  floor- 
ing has  proved  an  unusually  attrac- 
tive field  for  "blue-sky"  merchants 
who  have  sold  "secret  formulas"  and 
territorial  rights  that  have  in  too 
many  instances  proved  valueless  to 
the  purchaser.  The  vendor  has  in 
many  cases  exaggerated  the  ease 
with  which  the  business  could  be 
made  profitable. 

The  presence  of  this  type  of  pro- 
moter in  the  field  has  too  often 
thrown  discredit  on  those  who  are 
honestly  trying  to  sell  good  material 
and  to  do  quality  work.  Those  who 
are  trying  to  add  a  valuable  mate- 
rial to  the  resources  of  the  field  de- 
serve hearty  good  will. 
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flaking  Up  For  Lost  Time 

p  ROM  almost  every  quarter  of  the 
field  come  unmistakable  signs  of 
business  "looking  up."  Contractors 
are  getting  ready  for  a  busy  season. 
Things  stop  or  slow  up  for  reasons 
of  doubt  for  only  just  so  long  and 
then  business  has  to  get  busy  and 
rhake  up  for  lost  time.  Contractors 
will  be  busy  helping  business  make 
up  for  time  lost  in  the  last  year  and 
they  will  be  making  up  a  lot  of  their 
own  lost  time  as  a  consequence. 

A  School  of  iVIethods 

Q  OME  further  details  of  plans 
being  worked  out  for  the  Cement 
Show  in  Chicago  this  year  are  pub- 
lished elsewhere  in  the  issue.  It 
really  seems  that  architects  and 
builders  particularly  are  to  have  a 
much  better  opportunity  than  they 
have  ever  had  before  to  study,  not 
merely  the  essential  equipment  of  the 
field  in  its  newest  developments,  but 
to  gain  some  valuable  first-hand  in- 
formation as  to  materials  and  meth- 
ods of  handling  them  in  concrete 
construction. 

To  Combi?ie  the  Road  Organ- 
izations 

AN  efl^ort  is  being  made  to  bring 
the  Am.  Road  Builders'  Assn. 
and  the  Am.  Highway  Assn.  to- 
gether in  one  big  educational  organ- 
ization. We  have  heard  of  but  three 
reasons  why  these  organizations 
have  not  combined  before:  1 — Petty 
difl^erences  among  founders  and  ofii- 
cers  as  to  the  name  of  the  combined 
associations.  2 — One  organization 
sought  to  make  its  strongest  appeal 
to  the  builders  of  roads  while  the 
other  was  more  concerned  with  Good 
Roads  propaganda.  3 — Two  organ- 
izations with  conventions  each  year 
in  distant  cities  had  a  bigger  influ- 
ence, for  purel_v  geograpliical  rea- 
sons, than  one  organization  could 
hope  for. 

The  first  reason  is  not  worthy  of 
discussion.  The  second  reason  may 
be  disposed  of  with  two  comments. 
The  very  nature  of  Good  Roads  in 
this  day  of  their  extensive  use  makes 
them  their  own  best  advertisers.  The 
need  for  propaganda  is  not  so  great 
as  it  was.  The  road  problem  is  a 
matter  of  dollars  and  cents.  Road 
problems   are   problems    for   special- 


ists— the  administrative  heads  of 
highway  departments,  but  most  of 
all  the  men  who  do  the  work.  As 
a  matter  of  fact,  both  organizations 
have  been  attempting  both  ends  of 
the  work — the  propaganda  and  the 
practical  problems.  The  practical 
man  has  been  served  indiff"erently. 
For  ideas  as  to  efficient  convention- 
ing  we  commend  association  officials 
to  the  report  of  the  proceedings  of 
the  First  National  Conference  on 
Concrete  Road  Building.  By  the 
way,  the  Second  Conference  is  to  be 
held  in  Chicago  next  month. 

Reason  No.  3  is  not  so  easily  dis- 
posed of.  It  does  seem,  however, 
that  one  convention  will  attract  men 
who  would  feel  like  declining  two 
rival  invitations.  Geography  is  not 
so  important  as  it  would  be  were 
there  a  scarcity  of  printers'  ink.  By 
all  means  go  to  a  convention  and 
rub  ideas  if  you  can.  But,  one  good 
convention  will  attract  more  accumu- 
lated knowledge  and  spread  it  farth- 
er than  two  almost  good  ones. 


Concrete  Houses  in  Edinburgh 

When  the  old,  crowded  city  of 
Edinburgh  started  to  make  attempts 
to  reduce  the  cost  of  building  for 
the  working  classes,  it  was  very  nat- 
ural that  concrete  should  be  sought 
as  the  material  with  which  to  find 
the  remedy.  At  a  recent  meeting  of 
the  Edinburgh  Dean  of  Guild  Court, 
J.  Maclntyre.  the  Lord  Dean  of  the 
Guild,  commented  strongly  upon  the 
wonderful  success  made  with  con- 
crete in  the  construction  of  commer- 
cial and  public  buildings  and  recom- 
mended it  for  houses  to  be  erected 
for  the  working  classes.  In  this 
connection,  plans  have  been  before 
the  Tipton  Urban  Council  for  the 
erection  of  workingmen's  houses  in 
reinforced  concrete  and  two  houses 
built  of  reinforced  concrete  are  to 
be  erected  as  samples  and,  if  not 
approved,  will  be  demolished.  In 
the  Renfrew  Garden  suburb  69  con- 
crete houses  have  been  built  of  con- 
crete blocks  with  a  2-in.  cavity  and 
a  total  thickness  of  9".  E.^ternally 
they  are  treated  with  rough-cast. 
The  interior  partitions  are  formed 
with  coke  breeze  concrete  slabs. 
The  accommodations  given  in  the 
houses  vary  from  two  to  five  com- 
partments, and  each  house  has  a 
bathroom,  scullery  and  pantry.  The 
living  rooms  in  the  smallest  houses 
are  12'  x  12'.  The  rents  range  from 
.$75  to  $135  a  year. 
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Engineer  Builds  Economical  Concrete  House 
With  Simple  Eciuipment 


Tlif  house  which  is  the  subject  of 
tliis  article  is  valuable  as  an  illus- 
tration of  whAt  can  be  done  with 
concrete  by  an  individual  not  equip- 
ped with  connnereial  forms,  who 
expects  to  build  his  own  residence 
only.  J.  F.  Hahn,'  who  has  for 
some  years  been  enj^aged  as  design- 
ing and  constructing  engineer  on 
various  classes  of  reinforced  con- 
crete work,  was  in  the  same  position 
as  many  others ;  he  realized  distinct- 
ly tlie  advantages  of  a  concrete 
house,  yet  was  confronted  with  the 
impossibility  of  securing  a  favorable 
contr;ut  |)riee  as-  eomjiared  with 
other  materials,  owing  to  the  unfa- 
miliarity  of  most  builders  with  this 
class  of  construction. 

The   house    is    from    the    owner's 


plans  and  was  constructed  under  liis 
supervision.  It  is  as  sliown  b3'  tiie 
illustrations,  extremely  jilain  in  out- 
line, but  it  is  well  pro[)ortioned  and 
well  suited  to  its  surroundings;  situ- 
ated on  an  elevation  among  statelj' 
old  trees,  its  sim|)lc.  strong  lines 
stand  out  in  a  particularly  favorable 
setting. 

The  house  is  •i'y'  x  S6'  in  plan, 
the  basement  height  from  floor  to 
floor  is  7'  8",  the  first  story  9'  6", 
the  second  story  8'  6".  Tiiere  are 
a  front  porch,  a  rear  porch  and  a 
sleeping  porch.  The  house  contains 
nine  rooms  and  a  bath,  besides  the 
basement  and  the  attic.  As  will  be 
seen  by  the  plan,  the  living  room  and 
the  dining  room  occupy  the  entire 
front.  In  the  living  room  is  a  con- 
crete brick-faced  fireplace.  The  en- 
trance   is    protected    by    a    vestibule. 


At  the  rear  of  the  first  floor  are  the 
library,  the  sewing  room  and  the 
kitchen. 

The  second  floor  provides  four 
bed  rooms  and  a  bath  room.  Ample 
closet  room  is  provided,  including 
two  linen  closets.  From  the  hall 
access  is  provided  to  the  sleeping 
porch  at  the  rear  of  the  house  and 
to  the  attic,  which  contains  a  large 
amount  of  storage  space  and  could, 
if  neeessarj^,  be  divided  into  three 
sleeping  rooms.  The  basement  is 
subdivided  by  concrete  partitions 
which  support  the  main  partitions 
and  the  first  floor.  Aside  from  the 
usual  space  for  heating  plant  and 
fuel  storage,  there  are  a  good  sized 
laundry  and  a  store  room  in  the 
basement. 

CONCRETE 

Concrete  was  of  bank-run  gravel 
with  the  larger  stones  removed.  A 
considerable  amount  of  the  gravel 
was  found  at  the  excavation  and  was 
used  in  basement  walls  and  the  first 
floor.  This  reduced  the  cost  of  gra- 
vel to  about  85   cts.  per  eu.  yd.   for 


Figs.   1-4 — Front.    Rear   and   Side    \'iehs   of   Residence    of   J.    F.  Hahn 
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Fig.  5 — Floor  Plans,  Showing  Steel  Used 


the  entire  building.  Cement'  was 
used  to  the  amount  of  about  175 
bbls.  and  cost  $1.50  delivered  at  the 
job.  A  continuous  mixer  was  rented 
for  the  work. 

All  concrete  above  the  basement 
walls  was  mixed  approximately 
1  :4yo,  cement  and  pit-run  gravel. 
The  concrete  was  very  dense  and 
practically  waterproof. 

Reinforcing — The  walls  were  re- 
inforced horizontally  with  %-in.  x 
%-in.  twisted  bars  16"  o.  c.  and 
the  same  size  bars  were  placed 
around  openings. 

The  reinforced  concrete  floors  are 
supported  on  concrete  bearing  walls 
except  for  short  spaces  carried  on 
girders  as  shown  on  the  plans.  The 
floor  slab  was  reinforced  with  square 
twisted  bars  of  size  and  spacing 
shown. 

Forms — The  wall  forms  for  the 
superstructure  were  sectional,  2'  .6" 
high,  made  of  3-in.  x  lO-in.  boards 
nailed  to  2-in.  x  4-in.  pieces  at 
about  2-ft.  6-in.  centers.  Inside  and 
outside  forms  were  held  in  place  by 
^ifi-in.  bolts  and  spreaders.  The  in- 
side of  the  outside  forms  was  covered 
with  a  cheap  grade  of  2-ply  roofing 
felt  having  a  rough  grained  surface. 
The  roofing  felt  was  used  to  avoid 
the  smooth,  glassy  surface  charac- 
teristic of  concrete  where  smooth 
wood  or  steel  forms  are  used.  The 
paper  also  served  as  a  gasket  be- 
tween the  forms  and  the  concrete 
wall  previously  built  and  in  nearly 
all  cases  the  form  was  watertight 
and  made  a  joint  that  is  barely  no- 
ticeable. After  the  concrete  work 
was  finished,  the  forms  were  taken 
apart,  the  boards  were  used  for  roof 


'Mich.  Portland  Cement  Co..  Chelsea,  Mich.; 
Peninsular  Portland  Cement  Co.,  Jackson, 
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sheathing  and  the  2-in.  x  i-in.  pieces 
for  fillers  in  second  floor  partitions. 
The  rafters  and  the  second  floor  ceil- 
ing joists  were  used  for  supporting 
floor  forms  and  for  staying.  In  this 
way  all  the  lumber  that  could  be 
charged  to  forms  is  the  waste  from 
cutting,  which  did  not  exceed  500  bd. 
ft. 

Handling  Concrete — The  concrete 
was  handled  by  hand  and  no  hoist- 
ing equipment  or  runway  was  used. 
As  the  concrete  was  poured  in  sec- 
tions about  30"  high,  the  first  sec- 
tion was  easily  handled  with  buckets 
from  the  ground.  The  second  sec- 
tion was  poured  by  a  man  standing 
on  a  portable  platform  who  took  the 
bucket  as  passed  to  him  from  a  lab- 
orer on  the  ground.  The  platform 
was  moved  along  as  the  forms  were 
filled.  The  same  procedure  was  fol- 
lowed by  adding  an  additional  man 
for  each  rise  of  the  forms,  up  to 
the  second  floor,  when  the  material 
was  hoisted  to  the  second  floor  by 
three  men  at  the  rear  porch  and  the 
procedure  was  repeated.  While  this 
may  seem  a  crude  way  of  handling 
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Fig.  6 — Window  Frame  Details 
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the  concrete,  when  one  considers  the 
very  small  quantity  that  is  required 
for  a  6-in.  wall,  30"  high,  allowing 
for  openings,  and  that  this  was  an 
isolated  job  which  would  not  war- 
rant an  investment  for  staging 
equipment,  it  will  be  found  that  this 
was  probably  as  economical  a  pro- 
cedure as  could  have  been  followed. 
The  light  mixer  used  was  easily 
moved  from  one  side  of  the  house 
to  the  other  so  that  the  concrete  had 
to  be  carried  a  very  short  distance. 

The  first  story  required  two  days 
to  set  up  forms  and  pour  the  con- 
crete for  each  section,  thus  requir- 
ing 8  das.  to  build  a  story  height. 
The  work  was  done  by  a  superin- 
tendent, one  carpenter  and  two  lab- 
orers for  the  first  two  sections,  three 
for  the  third  and  four  for  the 
fourth.  It  required  6  hrs.  to  7  hrs. 
to  set  up  the  forms  and  2  hrs.  to 
3  hrs.  to  fill  them  with  concrete. 
The  work  was  so  arranged  that  all 
forms  were  filled  at  the  end  of  each 
day.  This  part  included  the  con- 
crete partitions. 

The  second  story  walls  without 
partitions  were  built  in  4  das.,  or 
at  the  rate  of  a  section  per  da.  To 
pour  the  concrete  an  additional  lab- 
orer was  employed  for  each  addi- 
tional section  in  height.  The  addi- 
tional laborer  was  used  only  a  few 
hours  each  day  while  pouring  con- 
crete, the  local  labor  situation  per- 
mitting this   arrangement. 

SURFACE    TRKATMENT 

The  forms,  covered  as  previously 
described  with  roofing  paper,  did  not 
leave  the  surface  in  a  glassy  condi- 
tion and  there  was  comparatively 
little  streaking  from  leakage.  \Vhile 
the  house  looked  rather  spotted  .at 
first,  two  years'  exposure  to  the 
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weather  has  evened  up  the  <()lor  to 
a  remarkahh'  extent  and  tlie  surface, 
wliicli  is  ])raetically  as  lel't  by  the 
forms,  is  far  from  unattractive.  It 
has  a  sturdy  individuality,  it  is  an 
lionest  expression  of  an  lionest  ma- 
terial and  will  continue  to  grow  more 
.ittractive  as  the  years  pass. 


The  roof  frame  is  of  wood  and 
in  it  were  utilized  the  plank  which 
had  been  serving  throughout  the  job 
as  staging  and  supports  for  floor 
forms.  Practically  every  scrap  of 
lumber  could  be  used  in  sheathing 
the  roof,  so  that  there  was  very 
little  waste.  As  roofing  tile  was  to 
be  used  the  roof  was  prepared  by 
covering  with  waterproof  paper 
which  was  held  on  by  lath  running 
up  and  down  the  slope  of  the  roof. 
These  laths  also  act  as  furring  strips 
for  horizontal  1-in.  x  2-in.  strips  to 
which  the  tile  are  secured.  The  tile 
were  made  on  a  Brock  roofing  tile 
machine.'  which  is  a  simple  piece  of 
equipment  consisting  mainly  of  an 
arrangement  for  molding  pallets 
which  give  the  proper  shape  to  the 
bottom  of  the  tile  and  a  troweling 
member  running  on  guides  which 
trowels  and  gives  the  proper  form 
to  the  top  surface.  The  tile  were 
first  made  to  an  approximate  shape 
and  then  a  surface  coating  of  red 
iron  oxide  was  sieved  over  them  and 
the  troweling  finished.  This  gives  a 
veny  good .  color  which  seems  to  be 
fully  equal  to  that  of  the  burnt  clay 
tile,  while  irregularities  in  placing 
the  color  give  variety  in  the  depth 
of  the  shade  which  results  in  a  very 
pleasing  roof.  It  is  interesting  to 
note  that  the  tile  were  made  and 
placed  on  the  roof  at  about  $12  per 
square. 

CONSTRUCTION    DETAILS 

Fortunately  the  mistake  was  not 
made  in  this  house  of  attempting  to 
secure  a  dry  and  thoroughly  insu- 
lated building  by  means  of  a  single 
concrete  wall  and  provision  was 
made  for  furring  and  lathing.  This 
is  done  as  illustrated  in  the  sketch, 
by  tacking  V-shaped  strips  to  the 
forms  at  proper  intervals,  to  which 
vertical  furring  strips  were  after- 
wards nailed.  The  concrete  parti- 
tions and  first  floor  ceiling  were  not 
lathed,  but  the  plaster  was  supplied 
direct,  wHh  entirely  satisfactory  re- 
sults. Considerable  thought  was  ex- 
pended upon  a  proper  window  frame 
detail  which  should  be  simple  and 
entirely  weather  tight,  yet  which 
could  be  used  readily  with  a  6-in. 
wall  and  not  interfere  with  the 
forms.  The  result  of  Mr.  Hahn's 
work  is  shown  in  an  accompanying 
January,  1916 


detail.  Study  of  tlie  detail  will 
show  that  the  jamb,  headpiece  and 
sill  could  be  separated  from  the 
rest  of  the  frame  and  readily  re- 
placed. A  false  jamb  was  us.-d  out- 
side, as  shown,  to  act  as  a  form  for 
the  concrete.  This  was,  of  c(.iirse, 
removed  and  a  stafi"  bead  put  on 
after  the  forms  were  removed,  r.aeh 
frame  was  set  assembled  complete, 
then  the  jambs  were  match  marked, 
numbered  and  taken  off"  until  the 
concrete  work  was  complete.  It  will 
be  noticed  that  this  style  of  frame 
provides  not  only  an  airtight  joint 
and  a  form  for  the  concrete,  but  also 
suitable  nailing  for  the  interior  trim. 
The  porches  are  of  concrete  poured 
in  forms,  but  the  panels  in  the  rear 
porch  are  of  stucco  on  ribbed  metal 
lath  over  sheathing.  The  floor  and 
roof  of  the  sleeping  porch  are  of 
poured  concrete.  The  roof  is  col- 
ored with  red  oxide  to  match  the 
roof  tile ;  the  iron  oxide  was  troweled 
in  as  with  roofing  tile.  The  con- 
crete sills  were  cast  in  place  in  suit- 
able spaces  left  for  them,  it  being 
considered  easier  to  do  this  than  to 
take  care  of  the  complications  sills 
would  involve  in  the  form  work. 
The  chimney  is  of  concrete,  poured 
with  the  house  and  provided  with 
square  vitrified  tile  flue  lining.  The 
use  of  concrete  has  been  extended 
to  all  the  surroundings  of  the  house, 
as  will  be  noted  by  the  long  flight 
of  concrete  steps,  the  retaining  wall, 
sidewalks  and  even  the  concrete  lawn 
roller  and  T-shaped  clothes  line  post 
which  can  be  seen  by  close  inspec- 
tion of  Fig.  2. 

INTERIOR    FITTINGS 

The  finished  floors  are  of  oak  and 
yellow  pine,  nailed  to  2-in.  x  2-in. 
screeds  laid  directly  on  the  concrete 
sub-floors,  except  in  the  vestibule 
and  the  toilet  room,  where  ceramic 
tile  floors  are  used.  All  partitions 
not  indicated  as  being  of  concrete  on 
the  plans  are  framed  of  wood  in  the 
usual  manner.  The  trim  on  the  first 
floor  is  of  oak  of  a  plain  and  taste- 
ful desien  and  the  second  floor  rooms 
are  finished  in  yellow  pine,  enam- 
eled, and  birch  mahogany.  A  va- 
cuum vapor  heating  plant  has  been 
installed,  which,  together  with  the 
concrete  construction,  has  reduced 
very  considerably  the  fuel  required 
for  heating. 

The  kitchen  and  the  laundry  are 
))iped  with  gas  and  in  the  laundry 
is  installed  a  Diehl  automatic  water 
heater  which  supplies  hot  water  at 
all  times  to  laundry,  kitchen  and 
bath  rooms.  The  house  is  lighted 
by  electricity  and  gas.  The  plumb- 
ing consists  of  toilet  on  the  first  floor 
and  bath  room  on  the  second  floor, 
with  the  usual  equipment  of  kitchen 


jdumbing,  and  an  automatic  soft 
water  pump  in  the  laundry.  A 
clothes  chute  communicates  between 
the  laundry  and  each  floor. 

COST 

In  estimating  the  cost,  the  owner's 
time  as  superintendent  is  included  at 
$4  per  day,  but  no  contractor's  profit 
is  added  in  the  total  cost,  although 
it  is  figured  on  certain  parts  of  the 
work  which  were  let  out  on  contract. 
It  may  be  added,  however,  that  this 
work  was  done  at  an  exceptionally 
fivorable  time  and  that  the  figures 
olitained  from  contractors  were  prob- 
ably unusually  low.  The  notable 
feature  of  this  work  is  that,  in  spite 
of  the  fact  that  this  was  an  isolated 
building,  erected  by  workmen  who 
had  had  little  or  no  previous  experi- 
ence in  this  class  of  work,  a  fact 
which  was,  to  a  certain  extent,  offset 
by  favorable  prices  for  materials 
and  favorable  labor  conditions,  the 
cost  of  the  concrete  work,  which  in- 
cludes the  basement  and  entire  struc- 
tural part  of  the  house,  came  to 
slightly  more  than  .$1,000.  The  re- 
mainder of  the  cost  went  into  wood- 
work, millwork,  plastering  and  ac- 
cessories which  would  necessarily  be 
figured  at  the  same  cost  in  any  kind 
of  house.  It  is  evident,  therefore, 
that  not  only  has  this  concrete  house 
not  cost  more  than  other  types  of 
structures,  but  in  all  probability  Mr. 
Hahn  has  actually  eff"ected  a  saving 
over  any  other  material.  He  has  a 
house  which  will  require  no  upkeep 
for  j'ears  to  come,  which  removes  to 
a  large  degree  the  fire  hazard  as 
evidenced  by  the  lower  insurance 
rates,  which  is  more  easily  heated  in 
cold  weather,  yet  is  cool  in  the  heat- 
ed season,  and  which  will  continu- 
ally become  more  in  harmony  with 
its  surroundings  as  the  years  pass. 
Cost  Data 

Excavation    contract    $      40.00*      40.00 

Cement    28«-6* 

Gravel    and    sand 116.10 

Steel    '985 

Mixer  (rental)    20-00 

L.ihor      on      concrete      and 

forms    578.00 

Total    concrete    cost 1,080.59 

Roof    tile    and    sheet    metal 

contract     236.00 

Plastering   contract    228.30 

Lumber    528.19 

Mill  work   158.49 

Carpenter   labor   420.44 

Total    himber    and    car- 
penter      1,107.1! 

Hardware,    rough    and    fin- 
ished             93.43 

Plumbing  contract    308.00 

Heating    plant    336.83 

Painting    (does    not    include 

walls  where  left  white)..      133.45 
Electric     light    wiring     and 

fixtures    108.40 

Hardware,     heating, 
plumbing,     light     and 

painting    980.11 

Ticidental  mason  supplies..        56.54 
Miscellaneous   labor    28.02 

53,736.68 


'Brock  Bros.,  St.  Louis,  Mo. 
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Concrete  Fireplace  and  Concrete  Pergola 
Columns  at  Low  Cost 


The  accompanying  detail  and  il- 
lustration from  photograph  showin- 
a  hooded  fireplace  in  the  Italian 
style  are  supplied  through  the  court 
esy  of  Brainerd  &  Leeds,  architect - 
Boston,  who  designed  the  work  in 
concrete  for  a  college  societ}^  at  Wel- 
lesley,  j\Iass.  Mr.  Brainerd  writes 
of  the  fireplace  and  also  of  a  con- 
crete pergola : 

The  building  was  erected  in  sections — 
first  the  great  central  room,  which  origin- 
ally had  no  fireplace.  One  was  added  a 
little  later  and  to  make  as  little  disturb- 
ance as  possible,  the  chimney  was  put  on 
the  outside  of  the  building.  When  we 
came  to  add  the  wing  on  this  side  a  fire- 
place «as  desired  in  the  new  room,  but 
to  add  one  of  the  ordinary  form  to  tlie 
projection  already  existing  would  tend 
to  cut  the  room  in  two  and  spoil  the  ef- 
fect, so  that  we  decided  that  we  needed 
a  hooded  form,  such  as  are  found  in  the 
old  French  and  old  Italian  buildings. 

Now  the  college  limits  the  amount  the 
societies  may  spend  on  their  buildings. 
Stone  would  have  cost  more  than  we  could 
afford.  Gravel  from  the  cellar  excava- 
tion was  so  well  proportioned  that  it 
needed  only  the  addition  of  cement  to 
make  good  concrete,  so  we  decided  to 
cast  it  in  place.    We  cut  out  back  of  the 


The  Cheshire  reformatory  of  Con- 
necticut is  about  to  lend  its  boys  to 
the  State  Highway  Comnir.  for  use 
in  constructing  a  concrete  road  in  the 
vicinity  of  the  reformatory.  The 
State  is  to  pay  them  at  the  rate  of 
50  cts.  a  day  for  their  labor.  While 
this  will  save  considerable  money  in 
the  construction  of  a  permanent  con- 
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Fig.  3 — The  Compij:ted  Fireplace 

old  chimney  so  that  the  concrete  bonded 
into  it  as  far  as  the  lining  of  the  original 
fireplace. 

The  carpenter's  time  for  building  the 
forms   did   not  exceed   three   davs.     The 


Crete  highway,  the  result  is  two-sided 
inasmuch  as  it  tends  not  only  to  pro- 
duce an  economical  road,  but  also  to 
give   the   boj's   interesting   work   and 


Fig.  1 — Elevatiox  axd  Plan  of  Cox- 
CRETE  Fireplace  is  Wellesi.ey  College 
Society  House 


concrete  when  stripped  was  finished  by 
scouring  the  surface  with  a  wash  of  sancl 
and  white  cement.  The  results  are  shown 
by  the  illustration. 

Similar  conditions  in  regard  to  mate- 
rials and  cost  existed  in  building  a  per- 
gola. We  found  that  we  could  get  the 
effect  of  a  simple  Greek  Doric  column 
by  making  the  molds  of  flat  strips,  tap- 
ered to  give  proper  entasis,  the  number 
of  the  strips  being  the  s:ime  as  the  usual 
number  of  flutes.  We  made  two  sets  of 
forms  which  took  less  than  two  days'  time 
of  the  carpenter.  When  set  and  stayed 
in  position  by  the  carpenter  they  were 
filled  by  the  laborers  without  extra  cost 
for  supervision  beyond  that  required  for 
the  general  work. 

Tlie  foundations  were  cast  in  holes  in 
the  ground  and  a  couple  of  rods  inserted 
to  bond  the  column  to  them.  We  were 
able  to  cast  a  pair  of  columns  every  other 
day.     The  caps  were  cast  separately. 


Fig.  3— Gex- 
eral  View 
of  coxcrete 
Pergola  .\xd 
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structe  d 
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an  opportunity  to  make  another  start 
in  life  as  workmen  in  at  least  one 
type  of  concrete  construction.  All 
the  work  on  the  road  is  being  done 
by  the  boys,  displaying  more  energy 
than  the  ordinary  laborer  employed 
bj-  contractors. 
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Two  Views  Coxckete  Resioexce  of  Ai-bert  Mover,  Eight  Years    After  Cosstructio!; 
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Residence  of  Aijsert  Mover 


Eight  Years  of  Nature's  Work  on  Con 
Crete  House  at  South  Orange,  N.  J. 


Three  illustrations  of  the  home  of 
Albert  Moyer,  at  32 1  Ridgewood 
Road,  South  Orange,  N.  J.,  are 
shown  at  this  time,  not  because  the 
house  is  new,  but  because  it  is  rela- 
tively old  among  concrete  houses. 
It  was  built  in  1907  and  is  a  most 
interesting  example  of  the  way  in 
which  a  concrete  house,  when  care- 
fully built,  fits  into  a  landscape  and 
comes  in  time  to  furnish  a  beautiful 
background  for  the  draperies  of  na- 
ture. 

The  walls  are  of  solid  concrete 
and  are  not  faced,  as  might  be  sup- 
posed, but  are  of  like  quality  of  con- 
crete throughout.  The  aggregate 
was  carefully  selected  to  give  a  cer- 
tain effect  in  the  finished  work  and 
instead  of  having  a  plaster  or  a 
stucco  surface  the  concrete  was 
scrubbed  and  cleaned  to  expose  the 
aggregate  immediately  after  the  re- 
moval of  the  forms.  This  concrete 
was  composed  of  1  part  cement,  3 
parts  limestone  and  while  marble, 
the  size  of  sand,  and  1  part  %-in. 
trap  rock,  giving  a  good  color  va- 
riety. There  is  a  great  deal  of  ex- 
terior tile  decoration  which,  however, 
is  unobtrusive,  as  the  colors  of  the 
tile     inserts     are     primitive,     pastel 


sliades  in  low  tones.  All  the  tiles 
were  hand-made  and  were  burned  in 
a  primitive  manner.  The  lines  of 
the  house  are  very  simple,  almost 
severe,  yet  this  severity  of  line  is 
fully   compensated   for   by   the   rich- 


ness of  the  entire  concrete  surface, 
and  now  after  the  lapse  of  a  num- 
ber of  years  it  is  further  enriched 
by  the  shrubbery  and  the  vines. 

The  house  is  12'  wide,  not  includ- 
ing the  loggia,  and  .'jo'  deep.  The 
windows  are  casement  made,  with 
English  leaded  glass.  The  roof  is 
of  Japanese  pan  tile,  run  of  kiln, 
and  some  of  tlie  tiles  are  smoky  red, 
others  salmon,  and  all  the  various 
shades  are  mixed  together,  giving  a 
most  pleasing  result.  The  archi- 
tects are  Tracy  &  Swartout,  N. 
Y.  C. 


House  Built  in  .'Vuckl.^nDj  N.  Z.,  for  E. 


Langguth.     See  elsewhere  in  this  Issue 
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DtTAji,  OF  Louis  K.  Hyde  Residence 


Interesting  Residence  on  Watchung 
Mt.   Has  Features  of  Concrete 


Features  of  the  residence  of  Louis 
K.  Hyde  at  Plainiield,  N.  J.,  as  de- 
signed by  Franklin  B.  Ware  and 
Arthur  Ware,  architects,  N.  Y.  C, 
involved  the  use  of  concrete  in  sev- 
eral very  interesting  ways.  The 
house  was  built  on  top  of  Watchung 
Mountain  and  in  preparing  the  site 
and  the  excavation  there  was  exca- 
vated a  large  amount  of  rock  which 
was  crushed  and  used  in  the  con- 
crete. The  hauling  problems,  other- 
wise, would  have  made  the  cost  of 
building  materials  excessive,  because 
of  a  haul  of  several  miles  up  the 
mountain  side. 

The  accompanying  illustrations 
give  an  idea,  not  only  of  an  inter- 
esting plan,   but  of  very   attractive 

[10] 


details  in  many  respects.  The  con- 
struction is  fireproof,  all  the  foun- 
dation walls  being  of  concrete,  the 
upper  walls  of  tile  and  the  floors  of 
reinforced  concrete.  The  finish  out- 
side is  of  stucco  of  a  most  pleasing 
texture.  The  floors  are  of  heavy 
construction,  using  heavy  Clinton 
wire'  and  rod  reinforcing  and,  as  no 
cinders  could  be  had  without  an  un- 
usual haul,  the  stone  wliich  was  ex- 
cavated on  the  site  was  used  in  place 
of  cinders. 

In  the  garage,  in  the  stables  in 
connection  with  the  residence  and  in 
the  entire  attic,  which  is  given  over 
to  the  use  of  children   for  a  play- 

■Clinton  Wire  Cloth  Co.,  Clinton,  Mass. 


room,   there   is   a   smooth   granolithic 
finish. 

The  stucco  was  put  on  in  three 
coats,  the  finishing  coat  being  a  mix- 
ture of  white  Atlas  cement  and 
white  Lakewood  sand,  dashed  on. 

A  great  deal  of  concrete  trim  was 
used  for  the  brackets  under  the  roof 
rafters  and  for  brackets  supporting 
flower  boxes  and  for  all  window  sills, 
cornices,  porches,  porticos,  copings 
for  service  yard,  etc.  Concrete  trim 
was  also  used  for  the  mantels,  one 
in  the  entrance  hall  and  one  in  Mr. 
Hyde's  den  and  a  cast  concrete  foun- 
tain in  the  breakfast  room.  Models 
and  molds  for  all  of  the  exterior 
cast  concrete  trim  were  made  in  New- 
York  City'  and  shipped  to  the  site, 
where  the  actual  casting  and  curing 
was  done.  Tooling  and  also  other 
finishing  work  was  done  after  the 
work  was  in  place.  Casting  the  ex- 
terior trim  at  the  site  saves  a  great 
deal  in  view  of  the  peculiar  hauling 
l)roblems.  The  molds  for  the  work 
being  comparatively  light,  were 
cheaph'  sliipped,  and  many  of  them 
were  used  repeatedly.  The  interior 
concrete  trim  ^including  the  mantels' 
and  the  fountain,"  were  made  in  N. 
Y.  C.  These  are  in  reproduction  of 
antique  stone,  the  fountain  being  of 
a  lighter  finish  intended  to  blend 
nicely  with  the  stucco  sirfacc  of  the 
walls. 

The  finisli  of  the  attic  is  really  a 
feature  of  the  house.  It  was  well 
lighted  from  two  ends  and  it  was 
decided  to  utilize  the  entire  area  for 
the  children.  Because  of  this  it  was 
desirable  to  make  it  as  nearly  inde- 
structible as  possible.  The  floors  are 
granolithic  and  the  walls  and  ceil- 
ings also  have  a  smoothly  finished 
Portland  cement  surface.  All  cor- 
ners and  angles  are  rounded  and 
there  seems  to  be  absolutely  nothing 
in  the  entire  room  either  to  chip  or 
to  wear  out.  These  concrete  sur- 
faces were  finally  painted  with  a 
light  tone  gray-green  cement  paint 
in  order  to  give  more  light. 

The  house  is  very  complete 
throughout.  Besides  the  two  plans 
shown  there  is  a  very  complete  base- 
ment and  a  full  third  floor,  besides 
tlie  attic. 

In  connection  with  the  grounds 
tliere  is  a  tennis  court  constructed  of 
reinforced  concrete  on  a  solid  stone 
foundation.  This  stone  foundation, 
however,  is  natural  to  the  site.  The 
court  was  constructed  very  much  as 
the  reinforced  concrete  floors  were 
built,  with  heavy  Clinton  wire  mesh 
and  twisted  rods.      It  was   made   in 


=Atlas  Portland  Cement  Co.,  X.  Y.  C. 
^Roctiette  &  Parzini,  N.  Y.  C. 
■•.(acobson  &  Co.,  N,  Y.  C. 
'Erkins   Studios,   N.  Y.  C. 
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Aiiovi:,  C'uNcuLit  riUKi'LALt  Il.stuaxci; 
IIai.i.  of  I.oris  K.  Hybf.  Residenck. 
At  Leit,  Fiuepi.ace  in  JIu.  Hyoe'-s 
Den 

These  are  made  in  Xcw  "^'oik  City  and 
^llipped  to  site.  They  are  in  imitation  of 
n  antique  stone. 


winter  time  this  court  is  flooded  in- 
side the  copings  and  it  has  already 
been  used  successfully  as  an  ice 
skatinff  rink. 


Coiniiiissioii     Conducts    Tests 
of  Cinder  Concrete 

A  l)itter  fight  is  to  be  waged  in 
tlie  Massachusetts  Legisl.ature  next 
year  in  connection  with  tiic  merits 
of  cinder  mixed  concrete.  The  |)ur- 
|)ose  is  to  overthrow  the  report  of 
tin'  Commission  ai)pointed  by  Eu- 
gene I'"oss  when  he  was  governor, 
whieli  drew  u))  a  standard  code  of 
building  l.-iws  for  the  Bay  State.  In 
tile  code  thus  reported,  the  8-in. 
.stoni-  concrete  for  floors  and  roofing 
purposes  -with  iron  reinforcement 
was  recommended  and  electrically 
treated  steel  rods  used  in  reinforc- 
ing concrete  were  adversely  reported 
upon.  One  of  the  manufacturers  of 
the  electrically  treated  steel  rods  is 
iiaving  a  test  conducted  by  a  board 
consisting  of  the  following  engi- 
neers: 

Jas])ar  Gibson,  engr.  for  the  Clin- 
ton Wire  Cloth  Co.,  assisted  by  R. 
IX  Bradbury,  consult,  engr..  Boston, 
with  Engineers  H.  E.  Sawtelle,  from 
tlie  office  of  Charles  T.  Main,  and 
W.  H.  Ham,  from  the  office  of 
I'reni'h  and  Hubbard,  both  of  Bos- 
ton. 

Tliev  were  begun  in  the  testing-  jilant 
of  tlie  Clinton  Wire  Cloth  Co.  and  when 
<(iin|iletpd  will  be  the  most  exhaustive 
cimducted  in  the  U.  S.  The  four  wood- 
en forms  with  the  steel  net-work  laid,  as 
in  the  construction  of  a  floor  or  a  roof, 
will  be  allowed  to  set  for  30  das.  before 
they  are  subjected  to  any  tests.  When 
tlie  concrete  has  set  sufficiently,  tons  of 
pig  iron  will  be  placed  upon  it  to  show 
the  exact  weight  the  concrete  will  stand 
and  how  much  strain  will  be  placed 
upon  it.  The  result  of  the  te-sts  will 
not  be  known  for  6  wks.  The  four 
forms  were  laid  on  the  top  of  concrete 
jiiers  that  were  built  a  year  ago  and  the 
concrete  poured  in.  The  steel  net-work 
was  placed  in  position  after  the  required 
amount  of  concrete  had  been  poured  and 
it  was  then  covered  with  concrete. 


The  Chicago  Cement  Show,  Feb.  12-19, 
will  undoubtedly  be  the  biggest  cement 
show   e^■er  held. 


sections  with  expansion  joints.  The 
coping  around  the  court  is  of  con- 
crete and  in  the  coping  were  left 
holes  to  receive  the  supports  for  the 
heavy^  wire  mesh  enclosure.  Around 
the  court  are  electric  light  reflectors, 
so  that  tennis  can  be  played  at  night 
as   well   as   in   the   davtime.      In  the 


Second  Floor  Pi.an  and  First  Floor  Plan,  Hyde  Residence  (Scale  1/56"  to  1') 
Jarmary,  1916 
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C'OXCRETE      AT     MiDDI.EBURG.     V.\.        DeTAII. 

OF  Stucco  (Area  Shown.  -2/3  sa.  ft.)  at 
I.KFT.      (See  elsewlierc  in  this  Issue) 

tliiii,  ver\'  wet,  mix  of  concrete  was 
used  and  a  large  quantity  of  crushed 
field  stone  embedded  in  the  mixture. 
Similar  construction  was  used  for 
the  !Murphy  house  and  the  Masse}- 
house  at  Middleburg,  described  else- 
where in  this  issue.  The  walls  are 
stuccoed  with  a  mixture  of  Atlas' 
white  cement  and  sand  in  equal  pro- 
portions. Each  of  these  cottages 
cost  about  I^.SOO. 

=Atl.i!!  Portland  Cement  Co..  \.  Y.  C. 


$2,500  Concrete  Cottage, 

Thomas  Estate,  Near 

Middleburg,  Va. 

The  illustration  shown  is  that  of 
a  cottage  at  Huntland.  the  estate  of 
J.  B.  Thomas,  near  ^liddleburg,  Va. 
This  is  one  of  numerous  concrete 
cottages,  some  of  whicli  have  been 
Ijreviously  described  in  Concrete.' 
This  cottage  is  25'  x  25', 
outside  dimensions,  and  contains  six 
rooms.  The  walls  are  12"  thick  for 
tlie  first  story  and  some  of  the  cot- 
tages have  walls  6"  thick  and  some 
S"  thick  above  that  level.  The  con- 
crete for  this  construction  is  as  de- 
scribed in  previous  issues  for  other 
work  on  the  Thomas  estate  where  a 

■Jan.,  1914,  and  Jan.,   1915 


"Wall"  Cottage  .\t  "HuifTiAND,"  Est.\ti;  or  J.  li.    1 
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Kksidknce  of  William   E.   Scimi^kk,   ARCiirrecT, 

Moi.iNE,   Illixois.     STi'ct'o  ox    Metal   Lath. 

(See  elsewhere  in  this  Issue) 


January,  1916 


Hesidesce  at  Kew   Caxaax.  Conxecticut,  of  William 

A.  BoRixo,  Architect,  New  York  City.    Poured 

Coxcrete  With  Coxcrete  Floors.     (See 

elsewhere  in  this  Issue) 
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An  Example  of  Fireproof  Residence 
Construction  at  Kansas  City,   Mo. 


The  subject  of  this  article  is  the 
residence  of  F.  L.  Williamson.'  It 
was  inevitable  that  Mr.  Williamson's 
close  contact  with  the  cement  indus- 
try should  have  impressed  u])on  him 
the  value  of  concrete  as  a  residence 
material.     Tlie  plans  are  by  Shepard 

'Vioc-Pres.  and  Gen.  Mgr..  Dewey  Portland 


and  Belcher^  and  the  concrete  struc- 
tural features  were  designed  by  the 
Trussed  Concrete  Steel  Co./  which 
furnished  tlie  reinforcing  material. 

Study  of  the  plans  shows  tlic 
house  to  be  68'  wide  and  63'  deep. 
The  basement  is  fully  utilized,  con- 

-Arcliitect.s,   K.in.sas  City,   Mo. 
'Voungstown,  Ohio 


Fig.  2 — Entbance   F.   I..  Williamson   Residence 
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taining  a  fireproof  garage,  man's 
room,  laundry  and  work  room,  be- 
sides space  for  the  heating  plant 
and  for  general  storage.  A  rein- 
forced concrete  cistern  occupies  the 
entire  space  under  the  front  porch. 
The  feature  of  the  first  floor  is  the 
large  living  room,  with  its  heavy 
beamed  ceiling. 

The  first  floor  also  contains  a  lib- 
rary, dining  room,  kitchen  and  two 
spacious  porches.  The  second  floor 
provides  two  large  sleeping  porches 
in   addition  to  sleeping  rooms. 

It  is  obvious  that  in  a  building 
of  this  kind  details  must  be  very 
carefully  planned  in  advance  or  con- 
siderable annoyance  will  occur.  All 
electric  wiring  was  located  in  con- 
duits which  were  placed  before  pour- 
ing the  slabs  and  walls.  Chases 
were  left  for  vertical  pipes  and  con- 
duits and  such  pipes  as  are  subject 
to  variations  of  temperature  were 
carefullv  wrai)))ed  with  asbestos 
paper  and  then  insulated  before  the 
wall  was  plastered  with  cement  mor- 
tar. The  first  and  the  second  floor 
finish  in  the  principal  rooms  is 
Jl^-'"-  oak  nailed  to  strips  embed- 
ded in  the  concrete.  The  kitchen 
and  the  servants'  room,  basement 
and  tliird  floor  slabs  are  given  a 
granolithic  finish,  as  are  also  the 
liasement  stairs  and  the  stairs  from 
tlie  second  to  the  third  floor.  The 
enclosed  porches  are  floored  with 
Adamantile'  and  the  open  porch  at 
tlie  front  is  floored  with  red  con- 
crete tile  9"  X  9",  set  with  black 
mortar  joints.  It  will  be  noted 
that  this  porch  is  really  the 
roof  of  the  l6-ft.   x  .S2-ft.  concrete 

'National  Mosaic  Flooring  Co.,  Mobile,  Ala. 
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Fk;.  i     Keah  ViKvv  Williamson  Residence 


cistern.  Tlic  w.ilir  i'roiii  the  cistern 
is  piimprd  liy  a  lilt  actuated  hy  city 
water  pressure  to  a  reinforced  con- 
crete tank  in  the  attic.  Tiie  attic 
Hoor  slab  forms  the  bottom  of  the 
tank.  The  ceilinfj  of  tlie  library  is 
furred  and  all  ceilin<is  arc  )>lastered 
with  Keene's  cement,  but  the  walls 
arc  plastered  with  Portland  eenicnt 
mortar. 

The  exterior  (inish  is  stucco  di- 
rect on  the  concrete  wall,  the  rough 
concrete  surface  forming  an  excel- 
lent key.  The  body  of  the  stucco 
is  rough-cast,  but  sniootli  borders  are 


left  around  the  windows  at  the  sides 
of  the  building,  which  give  a  very 
attractive  finish.  At  eitlier  side  of 
the  main  doorway  and  at  the  corner 
of  the  second  floor  sleeping  porches 
of  ornamental  cast  stone  were  used, 
as  can  be  best  seen  by  an  inspection 
of    a    detail    of    the    main    entrance. 


shown  elsewhere  in  this  issue.  This 
ornamental  work  was  cast  on  the 
job  in  plaster  molds.  The  molds 
were  set  in  place  and  the  rough  con- 
crete placed  around  them,  together 
with  the  proper  reinforcing.  The 
fire  place  on  the  nortli  porch  is  of 
Caen  stone  and  extends  from  floor 
to  ceiling.  The  fire  place 
in  the  library  has  a  Caen 
stone  facing  with  a  wood 
mantel. 

INTERIOR    TRIM 

The  trim  of  the  first 
story  is  oak ;  the  second 
story    has    white    enamel 


and  mahogany  finish. 
The  wall  decorations  are 
entirely  of  white  lead 
and  oil  applied  directly 
to  the  plaster.  The  win- 
dows are  nearl}'  all  case- 
ments, opening  out. 


r/z'-sr/^naa^/^/./f/y 


Fig.  5 — Plans  and  Details  Williamson  Residence 
January,  1016 
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was  completed  ready  for  occupancy 
the  first  week  in  July,  1915. 

Reinforced  concrete  footings  12" 
deep  were  placed  under  all  walls. 
On  this  footing,  work  was  started 
with  hollow  wall  machines,'  building 
a  4-in.  outside  and  a  6-in.  inside 
wall  with  a  ^Yo-in.  continuous  air 
space.  As  will  be  seen  by  the  illus- 
trations, the  front  of  the  house  has 
a  very  heavy  water  table  extendinjj 
well  below  grade.  This  projection 
was  built  with  the  hollow  wall  ma- 
chine by  running  the  inside  wall  first 
and  then  going  over  the  wall  a  sec- 
ond time  with  a  wall  machine  having 
the  core  removed  and  building  a 
12-in.  wall  at  the  proper  height. 
The  machine  was  set  back  4"  to 
form  the  double  water  table  effect 
and  later  another  4"  to  bring  it  to 
the  final  wall  thickness.  Flower 
boxes  were  cast  on  this  base  under 
the  windows  in  the  two  front 
porches. 

Floors  —  Basement  walls  were 
brought  to  the  level  of  the  bottom 
of  the  first  floor  slab,  the  outer  wall 
being  continued  to  the  top  of  the 
slab,  the  inner  wall  being  lower  by 
the  thickness  of  the  slab.  Forms 
were  then  placed  and  the  first  floor 
poured.  It  will  be  noted  that  the 
main  partition  in  the  basement  and 
at  the  end  of  the  living  room  in  the 
upper  stories  are  also  of  double  wall 
construction  and  support  the  floors. 
Other  partitions  are  of  metal  lath 
on  metal  studs,  plastered  with  Port- 
land cement  mortar.  Above  the 
level  of  tlie  first  floor  the  wall  was 
reduced  to  two  4-in.  walls  and  con- 
tinued at  that  thickness  for  the  two 
remaining  stories.  The  second  and 
the  third  floor  slab  were  poured  as 
the  wall  reached  their  level.  The 
second  floor  slab  is  supported  on 
the  inside  wall  and  the  third  floor 
slab  is  cantilevered  to  form  the  cor- 
nice as  shown  in  the  section  at  Fig. 
1,  with  tlie  gutter  molded  directly 
in  the  slab.  It  will  be  seen  that  a 
suitable  abutment  for  the  rafters  is 
also  formed  on  this  slab.  The  frame 
for  the  roof  is  of  wood,  being  prac- 
tically the  only  woodwork  in  the 
building  aside  from  the  trim.  The 
roof  is  covered  with  red  concrete 
tile  which  form  not  only  an  attrac- 
tive but  an  economical  and  exceed- 
ingly durable  fireproof  roof. 

The  long  beams  which  support 
the  floor  of  the  living  room  and  also 
span  the  corresponding  space  on  the 
second  and  third  floors,  are  of  re- 
inforced concrete  12"  x  14"  in  sec- 
tion.   A  detail  of  this  beam  is  shown 


"L.  Hansen  &  Co.,  Kansas  City,  Mo. 
[16] 


Fig.  1 — CoxcKETE  Block  Cottage.  .Vucki.axd,  X.  Z. 


in  Fig.  2,  just  above  the  basement 
plan.  The  first  and  the  second  floor 
slab  on  these  beams  are  6"  thick, 
reinforced  with  No.  8  Ribbed  Metal.' 
Other  structural  floors  are  of  flat 
slab  construction  reinforced  with 
ribbed  metal  and  vary  in  thickness 
from  4"  to  61/4",  according  to  area. 
The  concrete  was  of  cement,  sand 
and  ll,4"'n-  crushed  stone.  It  was 
mixed  in  a  Big-an-Little  mixer,' 
with  4V2-h.  p.  engine'  located  in  the 
basement.  A  wooden  charging  hop- 
per was  filled  through  one  of  the 
basement  windows.  From  the  mixer 
tlie  concrete  was  handled  in  wheel- 
barrows which  were  elevated  on  a 
lift  operated  by  a  hoist  on  the  mix- 
er. The  lift  was  located  in  the  stair 
well  of  the  rear  hall,  the  stairs  be- 
ing omitted  until  all  other  concrete 
was  placed  and  were  then  built  from 
the  top  down.  Details  of  the  stair 
construction  are  shown  at  Fig.  5. 

COST   DATA 

As  competitive  bids  were  not  tak- 
en, exact  comparative  data  are  not 
available.  It  is  the  owner's  belief, 
however,  tliat  the  building  cost  less 
than  it  would  have,  had  the  wall  con- 
struction been  of  stone  or  of  brick. 
Unit  wall  costs  are  given  as  follows 
by  Geo.  E.  Lewis :°  Crushed  stone, 
$1.50  per  cu.  yd.;  sand,  $2  per  cu. 
yd.;  cement,  $1.25  per  bbl.  The 
machine  operators  were  inexperi- 
enced and  were  broken  in  on  this 
job.  All  concrete  walls  taken  to- 
gether, including  the  heavy  basement 
walls,  cost  19  cts.  per  sq,  ft,,  in- 
cluding supervision.  The  4-in.  dou- 
ble wall  figured  separately  cost  IS^A 
cts.  per  sq.  ft.  This  is  exclusive  of 
the  stucco  finish. 


'Jaeger  Machine  Co.,  Columbus,   Ohio 
'Van   Dusan,  Roys  &  Co.,   Columbus,   Ohio 


Block  Cottages,  Pla.stered 
Direct,  In  New  Zealand 

W.  D.  Cowperthwaite  of  the  Cow- 
perthwaite  Concrete  Block  Co., 
Auckland,  N.  Z.,  sends  some  photo- 
graphs from  which  the  accompany- 
ing illustrations  of  a  small  concrete 
cottage  were  made.  The  cottage  is 
built  of  S-in.  hollow  concrete  block 
for  outside  walls  and  3-in.  concrete 
block  for  partition  walls,  all  made  on 
an  Ideal  machine.^  The  concrete  was 
mixed  in  a  Little  Wonder  mixer.' 
Tlie  roof  of  the  cottage  is  covered 
with  concrete  tile  made  on  a  Cham- 
pion machine.^  The  base  of  the 
house  below  the  first  floor  level  and 
the  top  edge  of  the  porch  steps  rail 
were  painted  with  Glidden  paint.* 
The  ceilings  are  lathed  with  Oregon 
lath  and  plastered  with  pulp  plas- 
ter. All  tliese  items  of  equipment 
and  materials  came  from  America 
and  in  addition  the  wall  paper  also. 
The  cement  used,  however,  is  a  New 
Zealand  cement.''  The  stucco  was 
waterproofed  with  Medusa." 

The  Cowperthwaite  Concrete  Block 
Co.,  does  not  make  any  face  block. 
Practically  all  the  work  it  does  is 
for  walls  which  are  to  be  stuccoed. 
Elsewhere  in  this  issue  is  shown  an 
illustration  of  a  handsome  residence 
costing  about  $20,000  built  for  E.  E. 
Langguth,  formerly  Austrian  con- 
sul, in  Xew  Zealand.  The  house  is 
built  of  concrete  block  with  plaster- 
ing applied  direct  to  the  inside  block 
surface.  Inasmuch  as  Mr.  Cowperth- 
waite is  a  strong  believer  in  plaster- 
ing directly  on  the  interior  surface 

^Trieal  Concrete  Machy.  Co.,  Cincinnati 

-Waterloo  Cement  Mach.  Corp.,  Waterloo, 
la. 

3L.  Hansen   &  Co.,  Kansas  City.  Mo. 

*0]ifiden    Varnish   Co.,   Cleveland. 

^Wilson's  Portland  Cement  Co.,  Ltd.,  Auck- 
land, X.  Z. 

Sandusky  Portland  Cement  Co.,  Cleveland, 
0. 
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of  tlie  block  he  makes  frequent  use 
of  a  testimonial  letter  from  E.  Lang- 
guth,  in  which  Mr.  Langguth  says : 

The  house  you  built  for  me  in  hollow 
<^oncrete  block  has  piven  every  satisfac- 
tion. I  consider  tlie  material  far  su- 
perior to  ordinary  brick  and  my  reasons 
for  sayinfT  so  are  that  tlie  walls  are  ab- 
solutely dry  from  top  to  bottom.  The 
plaster  is  perfectly  free  from  even  the 
slightest  cracks  and  in  addition  .shows  a 
beautiful  fmi,sh.  I  conscientiously  rec- 
ommend your  block  as  one  of  the  clieap- 
•est  materials  for  building  houses  in  our 
damp  clmiate. 

In  this  connection  Mr.  Cowperth- 
waite  writes: 

I  have  no  intention  of  advocating  por- 
ous concrete  for  monolithic  work,  seeing 
that  it  carries  so  much  in  requirements; 
at  the  same  time  porous  concrete  would 
not  be  more  porous  than  the  brick  made 
fiere  and  can  certainly  be  made  stronger 
and  much  cheaper  when  in  position  at 
the  same  porosity.  While  at  this  time 
1  am  devoting  nil  my  attention  to  con- 
crete block  work,  I  liuilt  my  own  house 
with  steel  forms.'  The  walls  are  8" 
thick  and  the  concrete  is  of  a  porous 
character,  with  only  a  waterproofing 
wash  on  the  exterior  wall.  It  is  papered 
<lirect  to  the  inner  wall  without  plaster 
and  is  a  success,  as  no  dampness  ever 
comes  from  the  outside  and  we  have  no 
condensation  on  the  inside.  Before  pap- 
ering the  wall  I  had  a  heavy  felt  paper 
put  on  first  and  then  the  wall  paper. 
It  was  an  experiment   but  is  all   right. 

If  the  lilock  arc  made  1:7,  machine- 
mixed,  all  the  strength  necessary  will  be 
there,  with  suflRcient  porosity  to  attend 
to  all  moisture  from  the  air,  so  that 
condensation  is  avoided.  The  outside  can 
«asily  attended  to  and  penetration  over- 
come. Our  hardest  prol)lcm  is  to  avoid 
coTiden.sation  and  it  can  be  managed  only 
by  having  a  wall  that  will  absorb  mois- 
ture. Cement  plaster  should  never  be 
used  in  dwelling  houses  for  interior 
work.  It  is  not  porous  enough.  By 
<'ement  plaster  I  mean  what  is  ordinarily 
specified  by  architects  as  1:3  mix.  This 
is  a  dense  material. 

My  ideas  and  methods  are  a  little  un- 
orthodox and  iinless  carried  out  very 
faithfvlhj  vniilil  not  be  likely  to  prove 
successful.  With  me  they  are  very  suc- 
cessful, having  been  able  to  carry  out 
my  ideas  unhampered  by  restrictions  of 
architects,  so  that  it  has  licen  possible  in 
a  few  years  to  determine  whether  I  was 
right  or  wrong.  So  far  I  have  not  had 
a  suspicion  of  failure  and  as  my  tests 
have  been  continuous  for  5  yrs.  it  may 
be  taken  for  granted  that  until  I  hear 
something  that  appeals  very  strongly  to 
me,  I  am  likely  to  remain  unorthodox. 

My  first  block,  made  9  yrs.  ago,  were 
"dense" — "dampproof" — "weather-proor* 
— "correctly  proportioned"  and  strong 
enough  to  carry  a  locomotive.  These 
were  faced  block,  "rock"  and  "plain," 
the  face  mixture  being  1  cement  to  2 
sand.  Theoretically,  they  were  "the 
thing,"  and  were,  I  think,  as  nearly  per- 
fect as  block  are  ever  likely  to  be,  some 
samples  of  them  being  still  on  exhibition 
at  a  cement  company's  office  to  show 
what  can  be  done  with  cement  and  ag- 
gregate suitably  proportioned. 

An  old  proverb  says:  "The  proof  of 
the  pudding  is  in  the  eating,"  so  the 
test  of  all  concrete  block  is  in  their  use. 
Different  qualities  of  block  must  be 
used  for  diflFerent  purposes. 

'Blaw  Steel  Constn.  Co.,  Pittsburgh 
January,  1916 


Fig.  2 — Rear  Vrew  Cokciiete  Block 
Cottage 


The  first  block  made  were  used  in 
building  a  house  for  the  manager  of  a 
local  cement  company,  a  photograph  of 
which  appeared  many  years  ago  in 
Concrete,  sent  by  the  then  manager,  Mr. 
Greer,  who  spoke  highly  of  the  result. 
The  next  were  used  for  an  Oddfellows' 
Hall,  which  to  some  extent  was  in  pub- 
lic use.  In  addition  to  dense  block,  the 
architect  had  the  interior  finished  in  ce- 
ment plaster,  the  effect  so  far  as  con- 
densation is  concerned  being  easily  im- 
agined. As  our  climate  is  very  moist, 
at  times  little  streams  would  race  down 
the  walls.  A  little  of  that  decided,  or 
at  any  rate  seemed  to  decide,  the  fate 
of  hollow  concrete  block;  at  any  rate,  it 
was  a  decided  set-back.  .\  demonstra- 
tion was  given  to  prove  that  the  block 
were  "water-tight"  or  dampproof'   (the 


Fig.  3 — Detail  of  E>.TKA-NtE  Porch 

question  of  strength  was  never  in  dis-"' 
pute)  by  having  a  well  built  on  the 
ground  in  the  block  yard,  the  mason  rep- 
resenting the  public  choosing  any  block 
he  liked  in  the  yard.  The  bottom  of 
the  wall  was  cemented,  the  faces  of 
block  being  out,  while  the  backs  of  block 
were  left  unplastered.  The  well  would 
measure  about  2'  x  2'  and  3'  8"  high. 
It  was  filled  to  the  brim  with  water,  and 
stood  there  for  a  long  time,  being  under 
very  careful  observation.  At  no  time 
did  we  e%'er  find  a  leak  from  the  inside 
of  the  block,  the  only  loss  being  by 
evaporation.  This  proof  was  accepted 
as  conclusive  so  far  as  the  "density"  and 
"dampproof"  qualities  were  concerned — 
but,  the  wall  showed  condensation  on  the 
walls,  so  it  was  considered  too  risky  to 
build  dwelling  houses  with  them  in  this 
climate.  There  are  always  those  in  any 
community  who  are  "in  opposition."  We 
had  them  there  and  for  a  time  they  had 
a  triumph.  Fortunately  for  humanity's 
sake,  we  get  a  few  level-headed  men 
mixed  up  with  them  or  stagnation  would 
result.  One  turned  up  at  this  time,  and 
most  fortunately  he  made  no  pretense 
to  be  an  authority  on  concrete — or  con- 
crete block;  he  was  willing  to  reason 
matters  out,  the  result  being  that  he  left 
an  order  for  sufficient  block  to  build  a 
house.  Block  were  to  be  1  part  cement 
to  7  parts  gravel,  and  to  be  left  in  yard 
"till  called  for."    Now,  who  expects  con- 


crete block  of  1:7,  without  any  pretense 
at  waterproofing  them  with  lime — or 
anything  else — to  be  dampproof?  As  a 
matter  of  fact  they  would  make  good 
filters.  These  block  were  used  to  build 
.1  house  that  gave  every  satisfaction,  al- 
though it  was  plastered  directly  on  the 
Mock  on  inner  walls.  It  must  be  noted 
that  all  my  work  has  been  in  a  moist 
climate,  no  frosts  worth  mentioning,  and 
no  snow.  At  the  same  time  I  should 
not  anticipate  much  trouble  in  a  colder 
climate.  Special  conditions  might  have 
to  be  provided  for,  which,  it  seems  to 
me,  might  easily  be  done. 

The  next  two  orders  came  for  block 
for  house  building,  one  of  which  was 
leaky  through  bad  workmanship  in  lay- 
ing the  block.  This  mason  claimed  to 
knew  all  about  them,  as  he  had  laid  them 
in  America.  He  made  the  biggest  mess 
of  the  lot.  In  these  cases  I  only  manu- 
factured the  block,  architects  and  owners 
arranging  and  supervising  the  work  to 
suit  themselves. 

So  far  there  had  not  been  the  sliffhtest 
satisfaction  in  supplying  block  to  build- 
ers, nor  had  there  been  any  in  following 
out  the  instructions  of  so  many  learned 
experts  on  concrete  on  how  to  make 
hollow  concrete  l>lock.  All  sorts  of  ag^ 
gregates  —  sandy  gravel,  sand  only, 
crushed  rock,  pumice,  scoria  of  various 
kinds,  had  all  been  experimented  on  and 
good  block  made  from  all.  By  good,  I 
mean  as  regards  strength,  for  with  pum- 
ice— and  some  kinds  of  scoria — it  would 
lie  practically  impossible  to  make  a  wat- 
rrtight  concrete. 

It  was  at  this  point  that  I  decided  to 
build  a  house  of  hollow  concrete  block, 
which  .should  be  plastered  dircctlj'  onto 
block  on  the  inner  walls,  and  stuccoed 
on   the  outside. 

.Ml  so-called  expert  advice  gathered 
from  smoothly  worded  articles  in  Con- 
crete and  other  sources,  preaching 
"dense"  block,  etc.,  was  to  be  treated  as 
a  negative,  so  that  one  might  get  a  little 
relief  in  a  really  good  positive. 

On  submitting  my  ideas  to  one  who  is 
probably  the  best  authoritv  here  on  ce- 
ment and  concrete,  I  was  taken  to  task 
for  my  small  faith  in  "authorities"  and 
"experts"  generally,  special  mention  be- 
ing drawn  to  the  attitude  of  Concrete 
on  this  subject.  (Just  think  what  a  lot 
you  are  answerable  for.)  As  I  was  risk- 
ing my  own  money  for  my  own  dwelling, 
it  seemed  reasonable  I  should  do  as  I 
liked — and  did  so.  The  result  was  not 
only  an  improvement  on  anything  that 
had  been  done,  but  the  building  was  al- 
most perfect  so  far  as  weather-resisting 
qualities  were  concerned.  The  only 
points  of  failure  were  at  two  or  three 
window  angles,  where  a  little  damp  crept 
in  under  the  sill  of  frame.  There  has 
never  been  the  slightest  suspicion  of  con- 
densation in  any  part  of  the  house. 

Since  then  I  have  built  several,  in  which 
stricter  supervision  eliminated  the  weak 
places  mentioned,  the  result  being  not 
only  what  was  anticipated,  but  really  all 
one  could  wish.  Walls  are  plastered  on 
the  outside  and  finished  in  rough-cast, 
all  inside  plaster  being  applied  directly 
to  the  block,  and  in  no  case  does  con- 
densation take  place,  nor  do  the  walls 
permit  our  terrible  northeast  rains  to 
penetrate.  I  had  the  satisfaction  last 
week  of  being  commended  by  the  author- 
ity mentioned,  when  he  said:  "I  am  con- 
vinced now  that  your  method  is  the 
proper   one  for  house-building."- 

While  I  am  writing  this  we  are  ex- 
periencing a  "northeaster" — wind  and 
rain — that  seems  to  get  into  the  marrow 
of  one's  bones.     For  a  week  the  atmos- 
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pliere  has  been  laden  with  moisture,  and 
for  16  hrs.  it  has  been  steadily  driving. 
If  anything  could  be  looked  upon  as 
such,  and  if  any  condensation  would 
show  at  all  it  should  be  now.  To  test 
the  walls  I  have  at  this  moment  thrown 
three  half-pints  of  water  onto  the  bath- 
room walls,  one  on  top  of  the  other  in 
quick  succession — and  the  merest  trifle 
has  reached  the  floor.  The  wall  ab- 
sorbed the  rest. 

Now,  which  condition  is  more  likely 
to  provide  a  healthy  house,  "a  dense 
wall"  or  a  "porous  wall,"  provision  be- 
ing made  so  that  the  outside  wall  sur- 
face is  so  protected  that  it  is  practically 
impossil)le  for  the  weather  to  penetrate 
this  covering? 

\Editorial  Note — The  reader  should 
not  fail  to  note  that  Mr.  Cowperth- 
waite  is  not  contending  with  the  con- 
ditions which  favor  interior  conden- 
sation. A  hard  driving  rain  is  a 
test  of  a  wall's  waterproof  qualities, 
but  it  is  not  a  test  of  the  qualities 
which  prevent  interior  condensation. 
Cold  weather  outside  (not  wet  weath- 
er, with  warm,  moist  air  inside  pro- 
vides the  conditions  which  test  the 
insulation  of  a  wall  against  conden- 
sation. The  extremes  of  tempera- 
ture of  the  northern  part  of  the  U. 
S.  provide  much  more  serious  diffi- 
culties than  those  with  which  Mr. 
Cowperthwaite  contends.] 


Calciimi  Chloride  to  Accel- 
erate Hardening 

Experiments  by  the  Bur.  of  Stand- 
ards show  that  the  use  of  a  4%  so- 
lution of  calcium  chloride  used  as 
mixing  water  for  concrete  materially 
accelerates  the  hardening.  The  ac- 
celeration varied  somewhat  with  dif- 
ferent cements.  In  some  cases,  a 
1:2:4  concrete  increased  100% 
strength  in  24  hrs.  to  48  hrs.  Ex- 
periments will  be  continued  to  show 
the  ultimate  value  of  this  material  as 
an  accelerator.  It  is  said  that  its 
use  will  add  12%  to  15%  per  cu. 
yd.  to  the  concrete.  It  is  pointed  out 
that  it  should  not  be  used  in  rein- 
forced concrete  structures  which  are 
likely  to  be  exposed  to  electrolysis, 
as  these  salts  would  also  accelerate 
corrosion. 
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Fig.  3 — Roof  Details,  Sciiulzke  House 


Attractive  House  of  Stucco  on   Frame 
Built  for  an  Architect 


The  house  which  William  E. 
Schulzke.  architect  at  Moline,  111., 
built  for  his  own  occupanc}'  is  shown 
in  some  of  its  interesting  features 
in  the  accompanying  illustrations 
from  the  architect's  drawings.  An 
illustration  from  a  photograph  show- 


space  which  the  2-in.  by  2-in.  strips 
afford.  He  breaks  up  these  air  spaces 
by  having  occasional  headers  run 
across  in  the  height  of  the  work  so 
as  to  stop  the  circulation  of  air.  Mr. 
Schulzke  says  that  the  house  is  very 
comfortable  both  in  winter  and  in  the 


Fig.  1 — Floor  Plaxs,  AV'illiam  H.  Schulzke  House,  Moline,  III. 
(See  illustration  from  photograph  elsewhere  in  this  issue) 


ing  the  completed  work  is  repro- 
duced elsewhere  in  this  issue. 

It  is  a  stucco  house  on  wood  frame. 
A  heavy  waterproof  building  paper 
was  placed  over  the  sheathing,  then 
2-in.  by  2-in.  furring  strips  were 
put  on  12"  o.  c.  The  metal  fabric 
is  24-ga.,  painted,  ingot  iron,  ex- 
panded metal.  On  this  three  coats 
of  stucco  were  applied.  The  first 
coat  is  put  on  thin  to  get  a  perfect 
key  over  the  lath. 

The  second  coat  is  a  thin  coat  of 
cement  plaster,  and  over  this  is 
placed  a  waterproof  stucco  thrown  on 
with  a  paddle.  This  waterproof  stuc- 
co is  a  commercial  product  made 
with  crushed  stone  and  waterproofed 
white  Portland  cement. '^  Mr. 
Schulzke  saj's  that  the  waterproofing 
is  important  in  the  stucco  work  be- 
cause experiments  have  shown  him 
that  constant  wetting  and  drying  in 
ordinary  cement  stucco  soon  disin- 
tegrate it  and  cause  trouble.  Mr. 
Schulzke  is  a  strong  believer  in  the 
2-in.  by  2-in.  furring  strips  rather 
than  the  thin  furring  strips  in  which 
dependence  is  placed  on  the  build- 
ing paper  or  the  sheathing  coming 
closer  to  the  metal  lath  to  key  the 
plaster.  He  prefers  to  cover  his 
lath  by  a  careful  application  of  the 
stucco  and  to  have  the  additional  air 


^Beder  Woods.  Moline.  111.,  using  Medusa 
cement  of  Sandusky  Portland  Cement  Co., 
Cleveland,   O. 


summer  months. 

Mr.  Schulzke's  house  is  very  com- 
plete in  many  respects,  although  he 
plans  an  addition  to  give  him  a  li- 
brary and  additional  bedroom  space, 
bath  room  and  servant's  room.  The 
house  is  equipped  with  a  vapor  heat- 
ing system  and  is  piped  for  a  vac- 
uum cleaner  plant.  One  ingenious 
device  is  in  connection  with  the  win- 
dow boxes,  which  are  watered  by  a 
pipe  controlled  from  inside  of  the 
liouse.  The  house  as  it  stands,  the 
architect  reports,  cost  fG.oOO. 


Fig.  3 — Front  and   Side   Elevations 
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An  Arcliitect's  Own  House  With 
Crete  Walls  and  Floors 


C 


on- 


15v   Mir.Tox  Dana  ^Iorrill' 


The  ])lans  here  siiown  need  little 
explanation,  and  the  illustrations 
from  photojirraphs  give  one  a  good 
idea  of  the  exterior  design.  As  time 
goes  on  the  house  will  become  more 
and  more  attractive,  as  the  trees, 
shrubs  and  vines,  which  Mr.  Boring 
included  in  the  architectural  design, 
mature. 


William  A.  Boring,  architect,  N. 
Y.  C,  selected  reinforced  concrete 
construction  for  his  country  resi- 
dence at  New  Canaan,  Conn.,  al- 
though a  majority  of  the  important 
works  of  the  firm  of  Boring  and 
Tilton  have  heretofore  been  carried 
out  in  brick  and  stone.  They  de- 
signed tiie  great  Immigrant  Station 
at  Ellis   Island. 

W.  G.  Wood,  a  progressive  build- 
er of  Xorwalk,  Conn.,  had  launched 
out  into  poured  concrete  for  resi- 
dence work,  as  he  saw  in  this  type 
of  construction  the  greatest  future. 
Mr.  Boring  watched  the  work  going 
on  and  visited  the  concrete  houses 
after  their  completion.  He  had  to 
be  "shown"  and  did  not  adopt  con- 
crete without  due  thought  and  con- 
sideration, and  from  cellar  to  gar- 
ret in  winter  and  summer  he  went 
through  the  houses  which  Mr.  Wood 
had  put  up. 

His  friends,  who  knew  nothing 
about  it,  told  him  that  if  he  built  a 
concrete  house  it  would  be  damp, 
but  fortunately  he  was  in  a  position 
to  judge  for  himself.  He  decided 
that  poured  concrete  was  the  con- 
struction which  he  wanted,  and  as 
a  result  he  has  a  permanent,  fire- 
proof house  and  he  built  it  at  a  cost 
little  in  excess  of  that  of  the  usual 
wood  construction. 


m 


Fir.s  1  AXD  9 — Two  Views  of  William  A.  Borixg  House,  New  Caxaax,  Coxn. 


Fig.  3 — Frost  and  Side   Elevatioxs  ax^d  Sectiox,   Borixi 
House 

January,  1916 


Fig.  4 — First  axd  Secoxd  Floor  Plax's,  Borixg  Hoise 
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Figs.  5,  6  and  7 — Constbuction   Views, 
Boeing  House 

At  top,  lifting  a  tier  of  wall  plates; 
center  shows  window  frame?  set  in  foiins; 
bottom  view  sliows  offset  for  second  floor 
bearing. 


pleasing.  Wherever  in  the  house 
there  is  plastering  a  sand  finish  has 
been  given  and  the  tool  marks  and 
trowel  marks  have  been  left  to  give 
texture  to  the  finish.  Hardwood 
floors  have  been  laid  over  the  cement 
slabs,  except  in  the  kitchen  and  the 
servants'  quarters,  where  the  floors 
have  been  left  with  a  cement  finish. 
The  exterior  walls  have  a  rough 
stucco  finish  of  white  Portland  ce- 
ment and  sand. 

Beside  the  house  there  is  a  garage 
and  cow  barn,  all  built  of  poured 
concrete  inside  and  out. 

The  cost  of  the  concrete  in  place, 
including  all  form  costs,  was  about 
$6.50  per  cu.  yd. 

Mr.  Boring's  house  is  a  master- 
piece of  its  kind.  In  its  simplicity 
perhaps  lies  its  greatest  charm.  One 
can  picture  how  beautiful  it  will  be- 
come as  the  years  take  off  the  new 
look  and  bestow  that  indescribable 
coloring  and  texture  which  time  alone 
can  give.  It  is  also  a  modest  ex- 
ample of  the  builder's  skill  in  his 
desire  and  determination  to  improve 
his  construction  metliods,  and  if  only 
the  public  at  large  would  realize 
what  the  real  concrete  house  means 
this     construction     would     take     the 


The  house  is  of  concrete  through- 
out. The  walls  are  9"  tliick  in  the 
first  story,  7"  in  the  second,  and  6" 
in  the  third,  with  reinforcement, 
generally  of  %-in.  rods  21"  o.  c. 
The  partitions  are  of  concrete  6" 
and  4"  in  thickness.  Both  walls 
and  partitions  were  poured  by  the 
use  of  steel  forms';  the  floors  are 
of  reinforced  concrete  of  the  floor- 
tile  construction.'  The  slab  thick- 
ness between  the  concrete  beams  is 
2".  Beams  are  8"  deep,  spaced  20" 
o.  c.  The  house  has  a  shingle  roof, 
which  would  appear  to  be  the  only 
vulnerable  part.  The  walls  were 
furred  for  lath  and  plaster. 

There  are  many  individual  touches 
about  the  house  which  must  be  seen 
to  be  appreciated.  Living  room, 
hall  and  dining  room  are  all  finished 
in  chestnut  paneling,  which  extends 
from  floor  to  ceiling,  stained  a  deep 
brown.  For  the  second  floor  con- 
struction the  forms  were  made  of 
heavy  chestnut  plank  laid  over 
heavy  wood  beams  all  rough-sawed ; 
the  concrete  floor  slab  was  put  over 
this  but  the  wood  framing  and  beams 
were  left  as  a  finished  ceiling,  all 
stained  a  deep  brown  like  the  side 
wall   paneling.      The   effect  is   very 


'Morrill  system 

'Trussed    Concrete    Steel    Co.,    Youngstown, 
Oliio 


Chicago  Concrete  Block 

House  of  Good 

Appearance 

The  development  of  the  rock-face 
block  in  preference  to  other  con- 
crete units  which  are  far  more  at- 
tractive architecturally  cannot  be  at- 
tributed entirely  to  a  belief  on  the 
part  of  the  public  that  this  is  really 
an  architecturally  beautiful  unit  or 
to  the  fact  that  the  block  is  com- 
monly a  successful  imitation  of  a 
pitched  face  stone  which  was  it* 
model.  A  great  deal  of  the  prefer- 
ence for  the  rock-face  unit  is  un- 
doubtedly due  to  the  fact  that  it  can- 
be  laid  up  in  the  wall  with  less  care 
and  by  less  expert  masons  than  a 
plain  block  which  must  be  laid  care- 
fully in  order  not  to  produce  a  hid- 


Fio.   8 — Living   Room    Boring    House 
Note  Beamed  Ceiling 


place  which  it  deserves  as  the  best 
that  can  be  built,  regardless  of  price. 

Unfortunately,  in  this  country  we 
have  become  accustomed  to  building 
frame  houses  and  about  the  only  fire 
precaution  taken  is  the  fire  insur- 
ance, which  in  no  way  prevents  the 
tremendous  yearly  fire  waste,  but 
merely  divides  it  among  those  who 
do  have  fires  and  those  who  do  not. 
In  the  end  the  house  owner  pays 
the  loss,  anyway.  The  best  way  to 
insure  is  to  build  properly,  and  in 
a  fire-proof  material. 

If  we  look  at  the  ordinary  frame 
house  while  it  is  building  we  can 
see  that  the  woodwork  looks  almost 
"built  to  burn."  If  we  wish  to  kin- 
dle a  fire  we  space  the  pieces  of 
wood  much  as  the  studs  and  beams 
are  put  together,  and  veritable  flues 
are  formed  which  cannot  but  spread 
the  flames  when  once  started. 


Fig.  1 — Detail  Showing  Two-Piece  anD' 
One-Piece  Block  Construction 

eous  result.  The  rock- face  block  and 
the  other  units  with  recessed  joints 
can  be  laid  with  less  care  simply  be- 
cause the  joints  themselves,  due  to 
the  projecting  faces,  are  not  so  ob- 
vious. 

The  accompany  illustrations  from' 
photographs  show  attractive  walls  of 
concrete  block  and  we  feel  sure  that 
the  pictures  do  not  do  the  wall  jus- 
tice because  they  cannot  begin  to  in- 
dicate the  texture  of  the  unit  whiclv 
was  used  in  the  construction.  "This 
is  the  residence  of  A.  G.  Carlson,  at 
72nd  and  Paxton  Sts.,  Chicago.  The 
texture,  color  and  general  effect  of 
the  units  used  in  this  work  have  the 
quality  of  granite  and  it  is  said  that 
the  work  is  commonly  mistaken  for 
granite.  The  trim  is  of  white  con- 
crete stone. 

This  magazine  has  described  the 
methods  used  in  the  manufacture  of 


Fig.  9 — Cow  Barn  of  Me.  Boring 
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Hj'dro-stone  block"^  which  were  used 
in  the  construction  of  this  building 
and  the  type  of  unit  whicli  is  shown 
in  Fig.  1  has  also  been  described. 
Briefly,  the  block  are  made  either  for 
two-piece  wall  construction  or  for 
one-piece  construction.  Both  types 
were  used  in  the  construction  of  this 
house  as  required  by  the  Chicago 
building  regulations.  The  lower  walls 
are  of  two-piece  construction,  shown 
at  the  left  in  Fig.  1,  and  the  upper 
walls  are  of  one-piece  construction, 
as  shown  at  the  right.  Inasmuch  as 
the  air  space  in  the  two-piece  wall 
construction  is  continuous,  interior 
plaster  is  applied  direct  to  the  block. 
With  the  one-piece  construction  the 
projecting  lugs  support  furring 
strips  on  which  lath  of  any  kind  is 
placed  or  metal  lath  may  be  applied 
direct  to  the  lugs  of  the  block  with- 
out furring  strips.  If  desired  a 
building  paper  may  be  placed  over 
the  projecting  lugs  of  the  block  with 

'Barron  &  Harridge,  Chicago 
Janual-ii.  1916 


Figs.  4  and  5- 
Plaks 


-FiKST  AXD  Second  Floob 


the  furring  strips  and  lath  over  the 
paper.  The  units  are  of  a  good  pro- 
portion, 24"  long  and  either  12"  or 
9"  in  height.     The  concrete  for  these 


blocks  is  handled  in  a  pressure  ma- 
ciiine.  Tile  mixture  as  used  is  ordi- 
narily proportioned  1  part  cement, 
S'/o  parts  torpedo  sand  and  sy^ 
parts  of  gravel  or  stone  up  to  %-in. 
size.  Block  are  made  face  up  and 
after  the  backing  is  put  in  and  struck 
off  the  facing  is  applied.  Mr.  Carl- 
son selected  the  facing  to  give  a 
light  gray  granite  effect.  This  was 
made  of  a  mixture  of  Micaspar  crys- 
tals,- Tuckahoe  white  marble  and 
Universal  Portland  cement."  The 
trim  in  the  lintel  courses,  cornices, 
window  sills  and  copings  is  of  a 
white  granite  quality  made  with  the 
same  facing  materials  except  that 
Atlas  White  Portland  cement  was 
used  instead  of  gray  cement.  The 
garage  which  is  also  shown  in  the 
rear  of  the  residence  in  one  of  the 
illustrations  was  built  of  8-in.  two- 
piece  block.  The  walls  of  the  house 
and  of  the  garage  above  grade  were 
contracted  in  place  at  a  price  of 
$1,600,  while  the  total  cost  of  the 
house  and  garage,  including  very 
fine  interior  trim  and  numerous  spe- 
cial features,  was  $7,800. 


Oil  and  Portland  Cement 

While  the  ability  of  Portland  ce- 
ment to  withstand  the  influence  of 
oil  has  been  many  times  investigated 
in  a  superficial  way,  the  conclusions 
of  Dr.  Schumann,  presented  at  the 
last  meeting  of  the  Assn.  of  German 
Portland  Cement  Mfrs.,  are  of  great 
importance,  as  they  are  based  on  a 
very  careful  and  extensive  study  of 
this  subject.  These  conclusions  are 
as   follows: 

Xo.  1.  The  strength  of  cement  was 
lowered  to  about  the  same  extent  by 
the  action  of  petroleum,  mineral  oil  and 
rape  oil  in  cases  in  which  the  cement 
had  hardened  a  sufficient  time  either  in 
water  or  alternately  in  air  and  water. 

No.  2.  The  denser  the  cement  mortar 
or  concrete  the  better  its  ability  proved 
to  be  toward  withstanding  the  action  of 
oils. 

No.  3.  The  rape  oil  proved  to  have 
the  most  deleterious  effect  on  mortars 
and  concretes. 

No.  4.  By  using  a  mixture  of  1  part 
cement  to  1  part  of  sand,  with  careful 
workmanship  and  allowing  the  mortar  to 
harden  1  yr.  under  w-ater,  the  resulting 
surface  is  perfectly  capable  of  resisting 
the  destructive  effects  of  oil,  even  when 
continually  brought  in  contact  with  the 
same. 

It  is,  of  course,  to  be  noted  that  ani- 
mal or  vegetable  oils,  such  as  rape  oils, 
are  destructive  to  cement  on  account  of 
their  property  of  combining  with  the 
lime  of  the  cement  to  form  lime  soaps. 
Whenever  an  oil  is  likely  to  come  in  con- 
tact with  mortar  or  concrete  special  ef- 
fort must  be  made  to  secure  a  dense, 
impervious  surface. 


^Crown  Point  Spar  Co.,  Crown  Point,  N.  Y. 
'Universal  Portland  Cement  Co.,  Chicago 
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-Two  Views  of   House  of  JSIk.    \i a^m. 


MlDDLEBITiO,    Ya. 


Two  Houses  of  Poured  Concrete  Erected 
at  Middleburg,  Ya. 


ojicnings  in  the  wall.  The  concrete 
used  was  a  1 :2 :  t  mix,  the  stone  used 
being  obtained  from  field  stones 
eriished  on  the  job.  The  walls  .are 
furred  for  lath  and  plaster  and  in 
order  to  have  nailing  places  for  the 


Interesting  work  in  the  construc- 
tion of  concrete  houses  built  at 
Huntland,  the  estate  of  Joseph  B. 
Thomas,  near  Aliddleburg,  Va.,  will 
be  remembered  by  readers  of  Con- 
crete. Descriptions  of  some  of  this 
work  were  published  in  this  maga- 
zine two  years  ago  and  again  a  year 
ago^  when  the  construction  was  in 
charge  of  the  late  Claude  H.  Haga, 
and  later  Mr.  Haga  was  assisted  by 
Milton  Dana  Morrill. 

The  accompanying  plans  and  il- 
lustrations with  data  as  to  construc- 
tion are  presented  through  the  cour- 
tesy of  Mr.  Morrill,  and  while  the 
construction  is  not  on  the  Thomas 
estate  but  at  Middleburg  for  other 
owners,  construction  which  is  similar 

"Jan.,  1914,  and  Feb.,  1913 


to  the  work  at  the  Thomas  estate  is 
described. 

Plans  and  illustrations  from  pho- 
tographs shown  herewith  are  of  resi- 
dences for  G.  Gordon  !Massey  and 
for  E.  W.  Murphy.  The  poured 
concrete  walls  of  these  houses  have 
a  thin  stucco  finish.  The  floor  and 
the  roof  construction  in  both  cases 
is  of  frame. 

The  house  for  Mr.  ]\Iassey  was 
designed  by  Milton  Dana  Morrill 
and  built  by  Claude  H.  Haga,  con- 
tractor. The  foundation  walls  are 
of  concrete  with  field  stones  bedded 
in  the  mix,  the  thickness  of  the  walls 
being  12".  The  walls  above  the 
second  floor  level  are  8"  in  thick- 
ness. The  reinforcement  is  hori- 
zontal only,  with  but  from  two  to 
four  rods  of  %-in.  size  put  in  over 


Fig.  3 — Fibst  Floor 
Pl.\ji  and  Base- 
ment   Plax, 
Masset    House 


Fig.    4 — Second    Floor    Plan,    Massey 
House 


furring  small  wood  nailing  blocks 
were  dropped  in  each  day  as  the 
work  progressed.  Each  of  these 
blocks  had  a  nail  driven  into  it  part 
way  and  the  blocks  were  dropped  in 
16"  o.  c.  with  the  nail  projecting 
down  into  the  freshly  placed  con- 
crete to  hold  them  in  position  next 
to  the  inner  form.  The  exterior 
walls  were  covered  with  a  thin  coat 
of  stucco  mixed  with  Atlas  white 
cement^  and  sand  in  equal  propor- 
tions. The  porch  is  set  in  concrete 
tile.  The  entire  house  cost  approxi- 
mately $7,000. 

The  house  for  Mr.  ^lurphy  was 
designed  by  Mr.  Haga  and  the  work 
was  finished  under  the  direction  of 
Mr.  Morrill  after  ^Ir.  Haga's  death. 
The  walls,  as  in  the  case  of  the  Mas- 
sey house,  arc  12"  thick.  Here  the 
partitions  are  8"  thick.  The  only  re- 

^•\tlas  Portlanil  Cement  Co..  N.  Y.  C. 
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iiif'orcing  is  '  o-iii.  rods  placttl  over 
windows  .-111(1  doors,  horizontally. 
Reinforced  sl/ihs  were  used  over  the 
porches  ;it  e;ich  end  of  the  house. 
Elsewhere  the  usual  wood  joist  con- 
struction was  used  in  the  floors.  This 
liousc  was  given  a  stucco  finish,  thin 
like  tliat  on  the  Massey  job,  but  af- 
ter this  had  been  ])ut  on  it  was 
washed  down  with  wliite  cement  and 
water  which  was  tinted  with  ochre  to 
give  tlie  walls  a  mellow  tint.  There 
was  an  old  stone  house  on  the  Mur- 
phy house  site  and  the  old  stone  was 
crushed  and  used  in  the  new  build- 
ing. Field  stones  were  also  utilized 
in  making  the  concrete.  Interior 
walls  were  furred  for  lath  and  plas- 
ter and  pipes  were  ])laced  in  spaces 
formed  by  the  furring.  All  radia- 
tors arc  concealed  in  recesses  under 
the  windows,  this  being  possible  ow- 
ing to  the  very  thick  walls.  A  con- 
struction of  this  kind,  while  not  or- 
dinarily economical  in  such  great 
wall  thickness,  was  felt  by  both  Mr. 
Morrill  and  Mr.  Haga  to  be  so  in 
this  case,  due  to  the  experience 
whieli  they  had  had  in  building 
houses  on  the  Thomas  estate.  It 
was  found  that  with  thick  walls, 
where  it  was  possible  to  bed  a  large 
amount  of  field  stone  in  the  concrete, 
it  was  just  as  cheap  as  thin  walls 
which  liad  to  be  heavily  reinforced. 
On  both  of  these  jobs  the  forms 
were  handled  in  such  .a  way  as  to  use 
'two  tiefs  of  forms,  or  a  total  form 
height  of  4',  and  pour  one  tier  a  day. 
The  lower  forms  .were  taken  off  each 
morning  and  swung  up  on  a  frame 
so  that  they  were  handled  together 
in  long  strijis  and  in  the  new  posi- 
tion were  filled  again.  Thus  the  two 
tiers  alternated  every  two  days.  Tin 
concrete  was  handled  in  wheelbar 
rows  to  4'  above  grade.  Above  this 
height  pails  were  used  as  far  as  the 
second  floor  level,  the  pails  being 
handled  in  wheelbarrows  four  at  a 
time  and  taken  to  different  parts  of 
the  building  and  passed  up  to  the 
tops  of  the  forms  by  hand.  Above 
the  second  floor  level  the  pails  were 
hooked  to  a  grapple  four  at  a  time 
and    raised   to   the   form   level   by   a 


nni.EiiuRG,  Va. 


drum  on  tlic  mi.\er.  They  w'cre  then 
carried  by  hand.  No  staging  was  nec- 
essar}-,  as  the  floors  followed  the 
walls,  nor  was  an)'  staging  or  out- 
side scaffold  used  in  iiandling  the 
forms.  The  average  labor  cost  for 
cleaning  and  fitting  the  steel  forms 
was  1  et.  per  sq.  ft.  of  form  surface 
or  2  ets.  per  sq.  ft.  of  wall.  In  both 
cases  the  exterior  stucco  finish  was 
put  on  about  60  das.  after  the  walls 
were  up.  The  stucco  is  very  thin, 
in  some  places  not  more  than  Ys" 
thick.  The  illustration  of  this  stuc- 
co surface  shown  elsewhere  in  this 
issue  indicates  slight  crazing  but 
this  view  is  from  a  photograph  taken 


Fig.  7 — Rear  View  of  Wall  Cottage  at 
HrN'Ti.AND,  Estate  of  J.  B.  Thomas, 
.Mii>dij:bctig,  Va. 


at  very  close  range  and  owing  to  the 
rough  texture  the  crazing  is  not  ob- 
jectionable, in  appearance  at  least, 
and  it  is  believed  that  the  walls  are 
so   nearly  waterproof   in   themselves 


as  not  to  need  the  stucco  as  a  seal 
coat.  Stucco  put  on  in  this  same 
waj'  more  than  three  years  ago 
shows  no  signs  of  peeling.  It  is  on- 
ly with  very  true  forms  and  smooth 
cast  surfaces  that  it  is  possible  to 
use  so  thin  a  stucco  to  smooth  up  a 
wall. 


Fig.  8 — Details  Wixdow  Frames  axd 
Cornice,  Massey  House 
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An  echo  of  the  war  appears  in 
the  notice  just  issued  to  the  mem- 
bers of  the  Internatl.  Assn.  for  Test. 
Mat.  Dr.  Reitler  signs  the  circular, 
which  says :  "The  war  has  inter- 
rupted the  activity  of  the  Associa- 
tion. We  have  therefore  for  months 
been  obliged  to  confine  ourselves  to 
the  bringing  of  the  work  of  the  Sixth 
Congress  to  a  conclusion  by  issuing 
a  reprint  of  the  Uniform  Nomencla- 
tures recommended  by  this  Congress. 
As  the  Association  has  sufficient 
funds  to  cover  the  administrative  ex- 
penses for  a  long  time,  we  beg  to 
inform  you  that  no  member  will  be 
called  upon  for  payment  of  his  dues 
until  the  Council,  after  the  change 
of  the  political  situation,  take  further 
action.  But  non-payment  will  in  no 
way  interfere  with  membership." 
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Fig.  1 — Two-Family  Concrete  House  at  Salem,  Mass. 


Typical  Two-Family  House  Complies  With 
Salem's  Strict  Buildins:  Code 


By  C.    D.   Gilbert 


A  conflagration  of  the  propor- 
tions of  that  at  Salem,  Mass.,  turns 
the  attention  of  the  home  builder 
to  fire-resisting  maerials.  Salem  has 
"come  back"  in  a  wa_y  that  reflects 
credit  on  her  people.  Needless  to 
say,  the  present  building  code  pro- 
vides rigid  restrictions  designed  to 
prevent  the  spread  of  future  fires. 
Some  of  the  provisions  respecting 
residence   construction   are: 

1.  The  abolition  of  shingle  and 
composition  roofing,  with  the  re- 
quirement that  all  cornices  and  dor- 
mers shall  be  covered  with  fire-re- 
sisting material. 

2.  Provision  for  exceptionally  ef- 
ficient fire  stopping  of  frame  walls 
and  partitions. 

3.  Provision  for  ample  stairways 
and  insulation  of  heating  apparatus 
and  chimneys. 

While  the  provisions  adopted  by 
the  building  commission  seem  to 
some  to  work  hardship,  a  study  of 
modern  building  materials  and  meth- 
ods has  demonstrated  that  the  com- 
paratively small  outlay  required  to 
comply  with  the  law  is  really  an 
economy  due  to  greater  permanency. 

The  result  of  forced  building  op- 
erations and  the  efforts  of  those  in- 
terested in  furnishing  building  mate- 
rials %vas  to  give  the  people  of  Salem 


an  unparalleled  opportunity  to  study 
modern  construction  materials.  A 
trip  through  the  city  reveals  almost 
every  type  of  residence  construction. 


Fig.  2 — First  Floor  Flak 


Fig.  3 — ^Section  at  A-A  Throdoh  Rear 
Hall 


GENERAL    FEATURE 

The  house  described  in  this  article 
contains  a  number  of  interesting 
construction  details.  The  outer 
walls  are  of  concrete  of  what  has 
become  popularly  known  in  Salem 
as  thermos  bottle  construction.  This 
consists  of  double  reinforced  con- 
crete walls  separated  by  a  gl/o-in. 
air  space  erected  with  a  hollow  wall 
machine,^  but  the  interior  is  of  frame 
construction.  The  front  and  the  rear 
porch  are  of  concrete.  The  cornice 
is  of  stucco  on  metal  lath,  the  roof 
structure  of  slate  on  frame.  The 
chimney  is  of  concrete  with  a  square 
vitrified  clay  flue  lining. 

An  inspection  of  the  plans  will 
show  that  the  house  is  a  typical  two- 
flat  building,  each  flat  containing 
five  rooms  and  bath,  while  provision 
is  made  for  two  extra  rooms  and 
storage  space  in  the  attic.  The 
house  is  equipped  with  a  steam  heat- 
ing plant,  the  owner  heating  both 
flats.  Electric  lights  are  used  and 
gas  is  piped  to  the  kitchen,  although 
provision  is  also  made  for  a  coal 
range.  The  floors  and  the  trim  are 
of  selected  North  Carolina  pine. 

CONSTRUCTION 

As  this  house  was  built  on  the 
site  of  a  burned  structure  there  was 
a  considerable  amount  of  stone  from 
the  old  walls  available  in  the  exca- 
vation. It  was  decided,  therefore, 
to  make  use  of  these  stone  and  the 
old  walls  were  tumbled  into  the  mid- 
dle of  the  cellar  and  the  excavation 
trimmed  to  a  proper  size.  The  first 
floor  joists  were  utilized  as  forms 
and  set  up  one  plank  high  at  a  time 
around  the  excavation.  Concrete  was 
then  deposited  back  of  the  forms 
and  the  stone  were  carefully  bedded 
in  the  concrete.  Other  planks  were 
added  as  needed  until  the  stone 
available  was  entirely  used,  which 
made  a  solid  wall  2'  wide  at  the  base 
and  about  3'  high.  On  top  of  this 
rather  massive  footing  the  double 
wall  construction  was  started  with 
the  hollow  wall  machine.  A  4-in. 
inside  wall  and  a  6-in.  outside  wall 
was  used  for  the  remainder  of  the 
basement  so  as  to  provide  a  water 
table  (Fig.  3.)  When  doing  this 
part  of  the  work,  owing  to  the  stone 
piled  in  the  cellar  and  to  obstruc- 
tions on  the  surface  of  the  a;round, 
it  was  impossible  to  handle  con- 
crete by  means  of  wheelbarrows.  A 
wire  cable  was  therefore  hastily 
rigged  over  the  excavation  as  a  min- 
iature cableway  system  and  heavy- 
galvanized  buckets  attached  to  the 
trolley   were   readily   carried   practi- 
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Fio.   4 — Under   Coxstiiuctiov,   Showing 
Method  of  Hoisting  Concrete 


cally  to  the  point  at  wliich  the  ma- 
terial was  to  be  deposited.  The  nat- 
ural sag  in  the  cable  was  generally 
siifiicirnt  to  carry  them  to  the  re- 
quired |iosition.  Provision  was  made 
for  ))lacing  the  floor  joists  by  means 
of  blocks  temporarily  placed  in  the 
wall  and  the  first  floor  was  put  in 
position  immediately  on  completion 
of  the  basement.  From  this  point 
the  concrete  walls  were  in  two  l-in. 
sections. 

IIANDHXG    CONCRETE 

Concrete  for  the  first  story  was 
handled  by  means  of  a  runway  by 
which  it  was  wheeled  in  pails  to  the 
floor  and  passed  to  the  staging,  to 
be  placed  in  the  walls.  On  this  class 
of  work  it  is  found  that  it  is  cheaper 
to  handle  concrete  in  buckets  than 
to  provide  the  necessary  runways 
for  wheeling  small  quantities  widely 
distributed.  After  the  first  floor  was 
in,  a  wire  cable  was  rigged  from  the 
mixer  over  an  A  fr.ame  on  the  second 
floor  and  3  buckets  hoisted  at  a  time 
by.  means  of  a  small  gasoline  hoist 
which  was  a  part  of  the  mixer  out- 
fit.' The  building  ^vas  staged  by 
means  of  .3-ft.  saw-horses,  substan- 
tially made,  and  these  were  used 
again  on  subsequent  work.  The  sec- 
ond stage  was  provided  by  means  of 
extensions  which  were  put  on  the 
horses  and  made  secure  by  means 
of  light  stays.  This  arrangement 
permits  rapid  and  very  economical 
work.  The  second  staging  is  high 
enough  to  complete  a  story  height. 

Concrete  Material — The  aggregate 
available  was  bank-run  sand  and 
gravel.  The  quality  and  grading 
were  not  all  that  could  be  desired, 
but  a  1 :5  mix  resulted  in  an  excel- 
lent concrete. 

PORCHES 

The  front  and  the  rear  porch  are 
of  concrete,  but  brick  columns  were 
used  in  front  to  add  a  touch  of 
color  to  the  building.  The  porch 
walls  were  built  with  the  wall  ma- 
chine and  a  plain  cap  used  as  finish. 
Brick  on  edge  at  window  sills  give 
another  color  note.  All  porch  floors 
and  steps  are  of  concrete.     A  detail 

'.laeger  Machine  Co.,  Columbus,  Ohio 
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of  the  form  work  and  rciiil'orcing  for 
the  front  second  floor  porch  is 
shown.  Reinforcement  consists  of  2 
'*4-in.  rods,  trussed,  in  the  beam  and 
\.>-in.  rods  16"  c.  to  c.  each  way  in 
the  slabs.  This  reinforcing  seems 
excessive  but  consisted  of  scrap  rods 
of  doubtful  quality,  which  were 
available  at  low  cost.  The  porch 
roof  was  designed  to  be  of  rein- 
forced concrete,  but  was  changed  to 
frame  construction  with  cornice  and 
ceiling  of  metal  lath.  It  is  believed 
that  had  the  original  plans  been  car- 
ried out  the  roof  would  have  been 
more  permanent  without  being  any 
more  expensive.  This  roof  is  cov- 
ered with  tin  and  drained  through 
one  of  the  brick  piers.  The  second 
floor  porch  slab  was  waterproofed 
with  a  layer  of  pitch  between  the 
structural  slab  and  the  top  surface. 

DETAILS 

The  chimney,  whicii  contains  two 


8  X  12  flues,  is  built  of  concrete. 
Two  sets  of  forms  3'  high  were 
made  substantially  as  is  a  column 
form,  and  filled  each  day.  As  each 
.'(-ft.  lift  was  added  the  forms  below 
were  taken  off,  to  be  used  again 
liigiier  up.  The  vitrified  flue  linings 
acted  as  the  inside  form.  Rein- 
forcement was  used,  consisting  of 
odd  lengths  of  wire  and  iron  form- 
ing hoops  at  intervals  of  about  1'. 
Chimney  construction  kept  pace  with 
the  walls  and  was  verj'  economical. 
Brick  was  used  above  the  roof,  mak- 
ing a  more  convenient  means  for 
Hashing  and  worked  out  well  with 
the  brick  porch  columns  and  window 
sills.  Bearing  partitions  were  fire 
stopped  with  concrete  at  each  floor 
level  according  to  the  building  code, 
being  filled  solid  from  the  girder  or 
jiartition  cap  on  which  they  rest  to 
■i  point  5"  above  the  floor  level.  The 
same  fire  stopping  is  required  at 
each  floor  level  in  walls  of  frame 
buildings.  Cornice  construction,  as 
shown  by  the  details,  is  of  a  metal 
covered  fascia  and  a  metal  lath  and 
l)laster  soffit.  The  method  of  mak- 
ing a  salsi factory  joint  between  the 
concrete,  wall  and  the  metal  lath  is 
indicated  by  the  details.  The  ex- 
terior finish  consists  of  two  coats  of 
cement  mortar  and  a  rough-cast  fin- 
ish. 

The  inside  plastering  was  done 
directly  on  the  concrete  walls,  which 
are  thoroughly  insulated  by  the  air 
space.  The  two  dormers  are  of 
frame  construction,  the  sheathing  be- 
ing furred  and  covered  with  metal 
lath.  The  metal  lath  extends  to  the 
roof  sheeting  so  as  to  form  a  fire 
stop  at  that  point.  The  roof  was 
covered  with  a  good  quality  of  green 
slate. 

The  window  frames  were  of  spe- 
cial design  and  would  be  economical 
when  made  in  quantities,  although  a 
premium  was  paid  for  those  used  on 
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this  particular  house.  As  will  be 
seen  by  an  inspection  of  the  details, 
the  kitchen,  bathroom  and  rear  halls 
were  not  provided  with  the  usual 
window  trim ;  instead,  a  rough  tri- 
angular strip  was  used  which  formed 
the  concrete  into  such  shape  that  the 
plasterer  was  able  to  form  rounded 
sanitary  trim.  Throughout  the  re- 
mainder of  the  house  the  usual  type 
of  trim  was  placed  as  shown  bj-  tlie 
detail.  Pullman  balances^  were  used, 
which  did  away  with  the  necessity 
for  box  frames.  The  balances  ara 
protected  from  the  concrete  by 
means  of  pressed  steel  housing 
which  is  supplied  for  concrete  work. 
This  balance  is  very  effective  and 
does  away  with  weights  and  cord. 

COST 

In  considering  the  cost  of  tliis 
house  it  must  be  remembered  that 
no  one  connected  with  the  job  except 
the  foreman  had  had  previous  ex- 
perience with  the  machines  used  or 
with  concrete  construction.  The 
workmen  employed  had  been  previ- 
ously engaged  in  another  line  of 
work.  It  is  not  surprising,  there- 
fore, that  under  these  circumstances 
the  costs  were  somewhat  more  than 
would  be  the  case  in  duplicating  the 
house,  although  these  conditions  were 
partially  offset  by  the  low  cost  of 
labor.  The  builder  itemizes  the  cost 
as  follows : 

Surveying    S      25.00 

Labor,  incliulins  excavating,  concrete 

and  rougli  carpentry 1.294.11 

Cement,  sand,  lime,  hair 413.70 

Lumber  and  millwork 1,497.48 

Brick  work  . ., 46.70 

Plastering   402.79 

Slating  and  sheet  metal 220.60 

Doors  and  windows 150.13 

Window   balances    52.70 

Finished  carpentry  labor 384.00 

Plumbing  424.53 

Heating    313.47 

Electric  wiring   71.00 

Electric  fixtures   58.70 

Painting 205.00 

Hardware  and  sundries,  as  reinforc- 
ing wall  ties,  gasoline,  flue-lining, 
express,  bookkeeping,  telephone, 
carfare  339.97 

Total    $3,900.00 

The  house  was  built  by  P.  Crea- 
don, Salem,  for  T.  J.  Maroney.  It 
was  designed  by  the  author  and 
erected  under  his  direct  supervision. 


A  Xew  Use  for  a  Di.shpan 

A  novel  light  was  recently  ob- 
served in  use  on  a  construction  job. 
A  bright  tin  dislipan  was  mounted  on 
a  wood  frame  and  acted  as  a  reflec- 
tor  for   a   cluster  of  electric   lights. 

The  whole  contrivance  was  sus- 
pended from  a  derrick  boom  and  was 
very  effective  in  lighting  the  work  as 
handled  by  the  derrick.  This  is  a 
makeshift,  of  course,  and  was  used 
only  because  suitable  lighting  equip- 
ment was  not  available  exactly  when 
it  was  wanted. 

^Pullman   Mfg.  Co.,  Rocheter,   X.  Y. 


Fig.  I  —  .\   Group  of  Attbactive  Poured  Coxchete  Houses 


A  Group  of  Concrete 

Houses  Erected  at 

Newark,  Ohio 

By  George  V.  K.  Greexe.^ 

Following  is  a  brief  description  of 
all-concrete  dwelling  houses  erected 
by  Eli  Hull,  at  Newark,  Ohio.  Mr. 
Hull  has  developed  an  entire  city 
square  with  fireproof  houses.  In  the 
center  he  has  erected  a  concrete  com- 
munity garage  to  conform,  archi- 
tecturally,   with    the    houses.      This 

'Clif.  Eng.   I.ambie  Steel  Form  Co..  \.  Y.  C. 


garage,  although  under  one  roof,  has 
a  private  room  for  each  of  the  ten- 
ants of  the  house. 

ISIr.  Hull,  although  a  man  of  87 
years,  has  undertaken  to  show  the 
people  of  the  Middle  West  the  ad- 
vantages of  living  in  an  absolutely 
fireproof  house. 

These  houses  were  cast  in  the  Lam- 
bie-  forms,  one  complete  story  at  a 
time,  including  the  floor  and  the  par- 
tition walls.  Window  and  door  frames 
are  cast  in  and  are  perfectly  weath- 
er-tight. 

The  houses  contain  eight  rooms 
and  a  bath  and  are  heated  by  hot  air 

=I.ambie  Steel  Form  Co.,  N.  Y.  C. 


Fig.  2 — Fon.ii  ix  Pl.xce  for  Pouring  First  axd  Secoxd  Story 
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furnaces,  the  hot  air  tliicts  being  cast 
in  the  walls.  The  usual  lifjht-gauge 
metal  ducts  were  used  and  they  were 
filled  with  sand  to  keep  them  from 
collapsing.  After  the  forms  were 
removed  this  sand  was  allowed  to 
nni  out. 

Six-in.  reinforced  concrete  walls 
and  partitions  were  used  from  the 
footings  to  the  cornice.  The  mix 
was  1  part  cement  and  6  parts  of  ag- 
gregate as  it  came  from  the  river 
bed.  The  aggregate  was  clean, 
sharp  sand  and  gravel  and  was  so 
close  to  the  necessary  projiortions 
that  it  was  not  screened,  but  was 
used  as  it  came  on  the  job. 

The  walls  are  reinforced  with  14- 
in.  round  rods,  18"  o.  c.  each  way. 
The  same  reinforcing  was  used  in  the 
floors  9"  o.  c.  the  short  way  of  the 
span  and  2'  the  long  way.  These 
rods  also  acted  as  tie-rods  to  hold 
the  forms  in  place.  A  part  of  the 
floor  reinforcing  in  both  directions 
was  carried  through  the  belt  course 
plates  by  i  ■>"'"•  ^  2-in.  bolts  attached 
to  the  rods  by  cast  iron  sleeve  nuts. 
This  permits  leaving  on  the  belt 
course  plates  when  the  wall  plates 
are  removed,  and  they  are  used  as  a 
gauge  to  hold  the  wall  plates  in  posi- 
tion for  the  floor  above,  thereby  hold- 
ing them  rigidly  in  place  without 
further  bracing. 

The  floor  plates  rest  upon  an  ad- 
justable beam,  w'hich  in  turn  rests 
upon  and  is  bolted  to  a  ledger  angle. 
This  ledger  angle  fits  into  an  L- 
shaped  notch  near  the  top  of  the 
plate,  leaving  the  space  below  clear 
of  braces.  See  Fig.  2,  which  also 
shows  the  second  floor  being  cast 
and  the  method  of  casting  the  cor- 
nice without  long  braces.  A  2-in.x 
4-in.  stick  was  cast  in  each  belt 
course,  both  front  and  rear,  to  form 
a  slot  so  that  tlie  floors  of  the  porches 
could  be  tied  to  the  main  building. 
The  necessary  soil  and  gas  pipes  and 
electric  conduits  were  cast  in  place. 

An  average  time  for  setting  up  a 
story  was  less  than  3  das.  and  not 
more  than  7  men  were  employed  at 
one  time.  All  concrete  was  machine- 
mixed  and  hoisted  in  a  tower  and 
carried  by  spouts  to  the  forms.  The 
stories  contain  from  30  cu.  yds.  to 
34  cu.  yds.  of  concrete.  It  took 
from  5^2  hrs.  to  6  hrs.  to  pour  each 
story.  Stripping  and  cleaning  forms 
took  about  2  das.,  a  total  of  about  1 
wk.  for  each  story.  The  70-ft. 
tower  was  , placed  so  that  it  could 
take  care  of  four  houses. 

The  roof  frames  are  of  2-in.  x  6-in. 
spruce,  nailed  to  a  2-in.  x  6-in.  plate, 
secured  to  anchor  bolts  cast  in  the 
cornice.  The  roofs  are  covered  with 
different   colored   asbestos   shingles.^ 

'Keasbey  &   Mattison   Co.,   Ambler.   Pa. 
JaiiKnrii,  19  in 
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Fig.  3 — Floor  Plans  of  Newark  HorsEs 

The  houses  are  finished  with  a  fine 
stucco  of  white  sand  put  on  by  the 
"Swenson"  stucco  machine.* 

The  interiors  are  finished  in  oak. 
The  floors  are  of  comb-grained  pine 
nailed  to  sleepers  cast  in  the  concrete 
floors. 

Note  the  diiference  between  house 
No.  1  and  house  No.  2  after  the  men 
had  become  used  to  the  handling  of 


the  forms.  The  writer  has  been  in- 
formed that  these  houses  have  been 
completed  for  less  than  $2,500,  cost 
including  heating,  plumbing  and 
lighting.  Note  the  cost  per  sq.  ft. 
of  forms  in  labor,  also  cost  of  con- 
crete in  place.  Gravel,  it  must  be 
noted,  was  delivered  for  60  cts,  per 
cu.  yd. 

House    No.    1,    at    Newark,    Ohio. 

Cartage  on  forms: 

22   hrs.  at  55  cts %  12.10 

22  hrs.  at  22 '^  cts 4.95 

%   17.03 
Charge  V4  of  this  to  each  house....  $    2.13 

Tower  (i  abor  only)  : 

5*   hrs.  at  45  cts %  24.30 

162  hrs.  at  22%  cts 30.45 

%  co.rj 
Charge  U  of  this  to  each  house...  $    15.19 

EXCAV.VTION  ; 

147  cu.  yds.  at  19%   cts $  28.07 

Footings  and  cellar  floor: 

Labor:  20  hrs.  at  25  cts $    5.00 

Materials : 
5  bbls.  of  cement  at  $1.45 

net    7.25 

12  cu.  yds.  of  gravel  at  60 
cte.  del 7.20 

$  19.15  %  19.45 
Setting   forms   for   basement 
3,260   so.   ft.: 
Labor: 

126  hrs.  at  22%  cts $  28.35 

18  hrs.  at  45  cts 8.10 

%  36.45 

(Cost  per  sq.  ft.  of  forms  in 

place  $.0112) 

'  Reinforcing  : 

1,420'  %  in.  round  rod  at  1  ct. 

per  ft $  14.20 

Labor:  7  hrs.  at  22%  cts 1.58 

$  15.78 

Concrete:   34  cu.   yds.: 

50  bbls.  cement  at  $1.45 $  72.50 

34  cu.  yds.  gravel  at  60  cts. .     24.40 
Labor : 

18  hrs.  at  45  cts 8.10 

45  hrs.  at  22%  cts 11.13 

Sill. 13 

Cisoline,  water  and  oil 1.75 

(Cost  per  cu.  yd.  of  concrete 

in  place  $3.34) 
Stripping  and  cleaning: 
54  hrs.  at  22%  cts $  12.15 

Kkoapitulation  : 

Labor   and    materials $177.26 

^3   of  cartage 71 

1,3   of  tower 5.00 

$183.03 

Excavation    28.67 

Footings     19.43 

$231.15 

(Cost  of  concrete  in  basement 

$5.34  per  cu.  yd.) 

Labor  and  Material,   1st  Story. 
Setting   of  forms.   1st   story 
(3,444  SQ.   FT.) 
Labor : 

40  hrs.  at  45  cts $  18.00 

88  hrs.  at  22%  cts 19.80 

S   37.80 

(Cost  per  sq.  ft.  $1.09) 

Reinforcing: 

1,460'  %  in.  round  rods  at  1 
ct.    per  ft $  14.60 

Labor: 

6  hrs.  at  45  cts 2.70 

6  hrs.  at  22%  cts 135 

.5  18.65 

Concrete  (30  cf.  yds.)  : 

Material: 
Cement.  44  bbls.  at  $1.45...$  63.80 
Grjivel,  30  cu.  yds.  at  60  cts     18.00 

Labor : 

36  hrs.  at  22%  cts 8.10 

12  hrs.  at  45  cts 3.40 

S   95.30 

Water,  gasoline,    oil.  etc 175 

(Cost  of  1  cu.  yd.  of  concrete 

$3.23) 
Stripping  and  cleaning   for.ms: 
Labor : 

48  hrs.  at  22%  cts $  10.80 

8  hrs.  at  45  cts 2.70 

S  13.30 

$167.00 
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Recapitulation  : 

Labor  and  material.  1st  stors'tl 67.00 

%    of    cartage 71 

H   of  tower 5.00 

Cost  of  first  story $172.77 

(Cost  of  1  cu.  yd.  of  concrete 
in  place  $5.77) 

Second  Story. 
Setting  up  forms — second  story 
3,6*7  sq.  ft. 

96  hrs.  at  2214   cts $  21.60 

72  hrs.   at  45  cts 32.40 

$   54.00 

(Cost  per  sq.  ft.  $.014S) 

Reinforcing: 
1,538'   at  let.  per  ft.    (Mt-in. 

rod>   $  15.38 

16  hrs.  at  30  cts 4.80 

$  20.18 

Concrete — 38  cu.  yds.  : 

56  bbls.  cement  at  $1.45 $  81. 2n 

38  cu.  yds.  gravel  at  60  cts..     22.80 
Labor : 

28  hrs.  at  22V4  cts 6.31 

21  hrs.  at  45  cts 9.45 

$119.76 

(Cost  per  cu.  yd.  $3.15) 

Removing  forms  : 

96  hrs.  at  22»4  cts $  21.60 

Recapitulation  : 

Labor  and  material,  second 
story    $215.54 

H  cartage  .71 

1,3   tower   5.06 

$221.31 

(Cost  per  cu.  yd.  in  place  $5.81) 

Total  Concrete  Costs: 

Cost  of  concrete  worif $625.23 

Window  frames  60.00 

Electric  conduits  and   boxes 20.00 

Flues    4.00 

Soil  pipe  4.00 

Sleeve  nuts    9.00 

Incidentals    6.00 

(102  cu.  yds.   in  building). 

Note  1. — This  does  not  include  charge  for 
investment  in  forms  or  overhead. 

Note  2. — House  No.  2  cost,  at  the  same 
point,  $684.65.  a  saving  of  $43.58,  due  to  ex- 
perience with  the  forms. 


When  buiHing  forms  it  is  well  in 
many  places  to  nail  through  a  bit  of 
lath.  This  allows  the  forms  to  be 
drawn  tight  and  when  wrecking  the 
lath  may  be  split,  allowing  the  nails 
to  be  drawn  easilv. 
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Fig.  1 — Residf.xce   of  L.  ^Villiams  at  M'aco,  Texas 


Figs.    2    and    3 — Basement    and    First 
Floor  Plans,  Waco  House 
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Concrete,    Boulders   and 

Casements,  Features 

of  Waco  House 

The  belief  that  still  lingers  in  the 
minds  of  many  otherwise  well  in- 
formed persons,  that  a  concrete 
house  must  be  of  stern  and  forbid- 
ding appearance,  would  be  forever 
dispelled  by  a  visit  to  the  residence 
of  L.  Williams  at  Waco,  Tex. 

This  attractive  residence,  which 
was  designed  by  Edward  H.  Reed' 
and  built  by  Harris  &  Hewitt,'  is 
far  from  looking  severe  or  cold.  Its 
cost  was  moderate.  The  plans  show 
a  basement,  which  contains  a  large 
den  in  addition  to  the  rooms  for  the 
heating  plant.  The  first  floor  pro- 
vides large  living  room  and  dining 
room,  reception  hall  and  kitchen.  On 
the  second  floor  are  three  bedrooms, 
a  sewing  room  and  a  bathroom. 

CONSTRUCTION 

The  walls  are  of  hollow  mono- 
lithic concrete  construction  from 
basement  to  roof.  They  were  con- 
structed without  forms  with  a  hollow 
wall  machine.'  This  machine  con- 
sists essentially  of  a  box-like  piece 
of  equipment  about  5'  long  provided 
with  a  collapsible  core  and  in  use 
is  placed  in  position  on  the  footing; 
then  the  wall  chambers  are  filled 
with  concrete  of  just  such  consist- 
ency that  it  will  not  sag  when  the 
machine  is  released.  Having  filled 
the  machine,  a  single  movement  of 
the  lever  releases  it  from  the  wall 
and  it  is  instantly  pushed  ahead  and 
again  filled.  This  operation  is  re- 
peated around  the  wall,  when  it  is 
generally  found  that  the  first  course 
has  hardened  sufficiently  to  bear  the 

'."Architect,  Waco,  Tex. 

-Contractors,  Waco,  Tex. 
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weight  of  the  light  machine  and  an- 
other layer  can  be  immediately 
placed.  Suitable  provision  is  made 
for  reinforcing  and  for  placing 
window  and  door  frames  and  for  all 
other  construction  details.  The 
walls  as  left  by  this  process  are 
rough,  no  attempt  at  finish  being 
made  during  their  construction. 
They  are,  however,  an  ideal  surface 
for  the  application  of  plaster  and 
stucco. 

The  exterior  of  the  house  is  fin- 
ished in  Portland  cement  stucco  and 
tlie  interior  is  plastered  direct  to  the 
concrete  wall,  without  fear  of  damp- 
ness, owing  to  the  double  construc- 
tion. 

The  builders  have  itemized  the 
cost  of  the  house,  exclusive  of  the 
slate  roof  and  oak  floors,  which 
were  furnished  under  separate  con- 
tracts. These  costs  are  based  on 
the  following  wage  scale:  Plaster- 
ers, 87Vi;  cts.  per  hr. ;  painters,  50 
cts.  per  hr. ;  laborers,  25  cts.  per 
hr. :  carpenters,  50  cts.  per  hr. 
Details  of  Cost 

Excavating    $    258.40 

Concrete    walls    and    footings 1,088.80 

Brick   and    cobble   stone 500.00 

Piaster,  stucco   and  concrete   floors..   1,402.00 

Tile  for  bath  room 54.00 

Iron    38.00 

Wiring     167.00 

Tin   and    heating 489.00 

Hardware     200.00 

labor   on  carpenter   worli 1,465.00 

Mill  work  and  labor 1,390.00 

Lumber    1,235.00 

Painting    700.00 

Plumbing    600.00 

$9,588.20 
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Fig.     4 — Second     Floor     Plan,     Waco, 
Texas  Hohse 
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English    Rural  Two-Family  Cottages  of  Concrete 
Block  and  Stucco 


Tlic  .accompanying  illustrations 
show  concrete  block  two-family  cot- 
tages built  in  Kent,  England,  for 
the  Cravt'ord  Cottage  Society,  under 
the  direction  of  the  Rural  Housing 
Organization,  on  an  estate  which  is 
being  laid  out  for  nearly  500  cot- 
tages and  for  several  public  build- 
ings.' The  estate  will  also  provide 
for  recreation  grounds,  village 
green,  bowling  green  and  various 
other  open  spaces.  The  site  adjoins 
the  river  Cray  and  is  close  to  tlie 
village  of  Crayford.  The  construc- 
tion work  is  being  done  by  the  Cot- 
tage Construction  Co.,  London.  So 
far  cost  eoni))arison  between  brick 
work  and  concrete  block  work  shows 
results  greatly  in  favor  of  concrete 
block.  While  practically  all  of  these 
houses  are  similar  in  plan,  they  are 
varied  a  great  deal  in  the  elevation 
to  avoid  monotony.  Each  dwelling 
has  a  frontage  of  2i'  4V^"  and  a 
depth  of  IT'  for  the  main  building, 
with  a  projection  of  6'  for  a  total 
length  of  12'  at  the  rear  of  the 
ground  floor.  The  accommodation  on 
the  ground  floor  consists  of  a  living 
room.    16'    ()"    X    11'.    a    parlor    12' 


made  with  the  idea  of  resisting  per- 
colation, although  they  are  plenty 
strong  enough  for  the  construction. 
All  interior  wall  surfaces  are  plas- 
tered except  those  in  the  scullery. 
These  surfaces  are  covered  with  a 
water  paint. 
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VI  Ckavford,  Kext,  Exglasd 


Fig.  3 — Second  Plan,  Ciiavford 
House 

Fig.  3 — First  Floor  Pi.ax,  Crayford 
House 


*%"  ^  9',  a  scullery,  bath  and 
larder  and  fuel  store  space  and  on 
the  first  floor  there  are  three  bed 
rooms,  the  largest  being  15'  6"  x  9' 
and  the  smallest  8'  3"  x  7'  9".  Each 
floor  has  a  height  of  8'.  The  ar- 
rangement is  shown  in  the  accom- 
panying plans.  The  contract  price 
per  cottage  built  with  concrete  block 


'Data,  couitesr  Concrete  and  Co}islnictionnl 
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without  any  extras  is  from  £175  to 
£179,  or  from  about  .f850  to  $870, 
while  the  cost  of  brick  cottages  of 
the  same  plans  was  about  $60  more 
than  this  per  cottage.  The  extras, 
which  are  not  included  in  this  price, 
refer  to  gable  and  pitched  roof 
changes,  necessary  to  secure  external 
variations. 

In  the  construction  of  these  houses 
concrete  block  made  on  a  standard 
dry-tamp  machine'  were  used.  The 
block  are  9"  x  9"  x  16"  and  are 
made  from  the  mixture  of  1  part 
cement  to  5  parts  gravel,  material 
all  passing  a  %-in.  mesh.  The 
block  are  allowed  a  curing  period  of 
1-i  das.  and  so  far  extremelv  wet 
weather  has  made  sprinkling  unne- 
cessary. The  interior  partitions  are 
built  with  cinder  concrete  slabs 
2%"  thick  made  on  the  same  ma- 
chines as  the  concrete  block.  Chim- 
ney flues  and  stacks  are  also  built 
of  block,  special  block  being  mold- 
ed for  flues.  Gables  are  finished  at 
the  top  with  block  having  a  splay 
to  fit  to  the  roof.  The  second  floor 
is  of  ordinary  wood  joist  construc- 
tion boarded  on  top  and  plastered 
below,  while  the  ground  floor  of  con- 
crete is  finished  with  boarding  nailed 
to  sleepers  inserted  in  the  surface 
concrete.  The  exterior  surfaces  are 
plastered  with  a  mixture  of  cement, 
sand  and  waterproofing  and  finished 
with  rough-cast.  This  surface  stucco 
is  depended  upon  to  keep  out  mois- 
ture, as  the  block  themselves  are  not 

=Winget,  Ltd..  London 


A  sarcastic  writer  who  signs  him- 
self "A  Building  Inspector"  writes 
to  the  Arlington,  N.  J.,  Observer, 
asking  "the  town  building  superin- 
tendent or  architect  of  the  building 
or  the  contractor  of  a  building  on  a 
certain  street  in  Arlington  to  furnish 
through  the  columns  of  the  i)aper 
'liis  data  for  use  of  mud  concrete  in 
building  foundations."  The  writer 
goes  on  to  say:  "As  this  is  somewhat 
of  a  new  departure  in  the  building 
line,  information  is  desired  as  to  the 
proportions  of  ingredients  used,  the 
values  in  compression,  tension, 
thrust,  etc.,  for  both  plain  and  rein- 
forced concrete  and  any  other  data 
available  about  the  use  of  mud  as  a 
concrete  ingredient."  The  tale  may 
be  told  when  a  concrete  failure  is 
reported  if  the  facts  as  intimated  are 
true. 


"Concrete  for  permanence"  as  well 
as  "for  safety  first"  may  be  again 
used  as  the  text  in  connection  with 
the  recent  construction  of  concrete 
buildings  by  the  Shreve  Chair  Co.  at 
Union  City,  Pa.  These  buildings, 
three  in  number,  were  erected  to  re- 
place other  edifices  twice  destroyed 
by  fire.  One  of  them  is  400'  by  86' 
and  the  other  two  about  120'  by  50' 
and  150'  by  40'.  As  as  result  of  this 
changed  construction  from  the  old 
mill  type  to  concrete,  the  present  in- 
surance rate  paid  by  the  owner  is  less 
than  ^3  of  the  amount  paid  when  the 
old  plant  was  used.  In  this  case,  to 
the  other  words  of  the  text  a  third 
may  well  be  added:  "Concrete  for 
economy." 

[SO] 
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Fig.  1 — A  Coxcbete  Buxgalow  is  the  Califobnia  Mo 
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Builds  Hollow  Wall  Bungalow  With  Home  Made 
Machine 


GENERAL    FEATURES 

After  the  rough  concrete  walls 
were  up  thej-  were  finished  with 
Atlas  white  cement^  and  silica  sand; 
tlie  insides  of  the  walls  are  plastered 
directly  on  the  concrete.  Inside  par- 
titions may  be  built  in  the  same 
manner,  but  in  this  bungalow  2x4 
studs  were  used,  lathed  and  plas- 
tered  in   the  usual   way. 

The  bungalow  contains  nine  rooms 
and  basement;  living  room,  dining 
room  and  den ;  it  has  panel  wains- 
coting and  beamed  ceilings,  oak  trim 
and  oak  floors.  Living  room  has  tile 
mantel  with  book  cases  on  either 
side.  There  is  a  large  buffet  in  the 
dining  room ;  the  kitchen  is  fully 
equipped  with  all  modern  conven- 
iences. A  concrete  garage  large 
enough  to  accommodate  two  cars  was 
also  built,  and  the  house  and  garage 
were  constructed  for  about  -SojOOO. 


Bv  Hexry  I,.   WiLSOX 


The  accompanying  illustration 
shows  a  nine-room  bungalow  recent- 
ly designed  and  built  by  the  writer 
for  Rev.  Seth  O.  Rees  in  Pasadena, 
Cal. 

The  bungalow  is  constructed  with 
hollow  concrete  walls.  The  forms 
are  my  own  idea  and  have  proved 
a  success  both  in  durability  and  low 
cost.  Two  3-in.  concrete  walls  with 
a  2-in.  air  space  between  form  the 
wall  section.  The  walls  are  bonded 
by  metal  studs  made  from  24-ga. 
galvanized  sheet  metal  cut  in  strips 
6"  wide  X  9'  long.  Each  edge  of 
studs  was  turned  back  with  a  lo-in. 
circle  which  stiffens  the  studs  and 
forms  a  clinch  in  the  concrete  walls- 
The  foundation  walls  were  put  in  in 
the  usual  way,  a  solid  10-in.  wall  to 
floor  joists;  the  metal  studs  were 
then  set  up  edgewise  across  the  wall 
on  18-in.  centers  and  were  held  in 
line  by  a  temporary  plate  at  the  top. 
The  hollow  walls  were  then  started 
on  the  foundation. 


The  forms  used  consisted  of  two 
pieces  of  ordinary  2  x  10  lumber 
6'  long,  two  iron  clamps  made  of 
I  %-in.  channel  iron  bent  U-shaped 
to  fit  over  the  outside  of  the  form 
borads  and  to  hold  them  in  place 
while  the  concrete  was  being  put  in. 
Near  each  end  of  the  boards  a  small 
steel  pin  was  driven  through  near 
the  bottom  edge  projecting  about  2" 
to  catch  on  top  of  the  wall  and  to 
hold  the  forms  up  in  place.  The 
cores  were  made  of  wood  2"  thick, 


^.■\rclit.,  Los  Angeles,  Cal. 
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10"  deep  and  18"  long,  with  two 
large  screw-eyes  in  the  to}?  by  which 
to  pull  them  out.  There  cores  were 
placed  between  the  metal  studs ;  the 
2  X  lO's  were  placed  at  each  side, 
the  clamps  placed  over  them ;  they 
were  then  filled  with  semi-wet  con- 
crete, well  tamped,  when  the  cores 
were  pulled,  the  clamps  removed  and 
tlie  boards  moved  forward  their 
length,  set  up  and  refilled,  and  so 
on  around  the  house  to  the  starting 
point.  By  that  time  the  concrete 
had  set  sufficiently  to  permit  another 
course  to  be  placed  and  so  on  until 
the  walls  were  finished.  A  set  of 
these  forms  cost  less  than  $5. 


Loss  of  Cement  in  Flood  Xot 
"An  Act  of  God" 

In  the  case  of  the  Crescent  Port- 
land Cement  Co.  vs.  The  Riverside 
Fuel  &  Supply  Co.,  Fremont.  Ohio, 
in  which  a  judgment  for  -f 27 1.52 
was  secured  by  the  plaintiff.  Judge 
Young  decided  that  the  damage  to 
the  cement  which  was  spoiled  when 
caught  in  the  1913  flood  was  not  an 
act  of  God.  The  court  held  that 
inasmuch  as  the  river  was  rising 
^lar.  23,  with  warning  given,  and 
as  the  car  was  not  received  in  Fre- 
mont until  the  next  day,  care  should 
have  been  exercised  in  keeping  the 
car  out  of  the  flood  district.  The 
defendants  pleaded  the  flood  an  act 
of  God,  as  a  defense,  but  as  the  title 
passed  to  the  defendants  after  the 
cement  had  been  loaded  on  the  car 
in  Pennsylvania,  Judge  Young  held 
that  the  Fremont  company  should 
pay  for  the  cement  after  disposing 
of  the  question  of  the  alleged  act  of 
God. 


Fig.  2 — Floor  Plan  of  Bungalow 


Out  in  Bellingham,  Wn.,  the  coun- 
ty engr.  is  laying  a  great  many  con- 
crete highways  and  suggests  that  all 
defective  places  shall  be  repaired 
with  cement  mortar  instead  of  tar, 
sand  or  other  unsightly  material. 
This  he  claims  to  have  done  with  ex- 
cellent results.  The  method  he  uses 
is  to  remove  carefully  all  defective 
portions,  as  a  dentist  would  from  a 
tooth,  wash  out  the  cavity  carefully 
and  coat  with  neat  cement;  fill  with 
mortar  of  1  part  cement  to  2  of 
coarse  sand;  trowel  mortar  firmly; 
cover  patch  with  wet  sand  and  keep 
it  moist  for  several  days. 

=.\tlas  Portland  Cement  Co.,  N.  Y.  C. 
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Building  Low  Cost  Houses  With  Unit  Forms  and 
Contiiuious  Conveyor  System 


(Staff  Article) 


Low  costs  arc  being  obtained  by 
the  Humphrey  Co.,  Cleveland,  in 
the  construction  of  small  concrete 
cottages  at  Kuelid  Beach  Park,  using 
a  new  commercial  system  of  forms 
consisting  of  plates  and  ribs'  and 
for  placing  the  concrete  a  continu- 
ous mixer'  witii  elevating  equipment 
designed  by  D.  S.  Humpiirey.  The 
work  has  been  in  charge  of  P.  M. 
Killaly.  engineer  for  the  Humpb.rey 
Co.  The  initial  underlakiiig  in  this 
construction  of  eonerett,'  cottagi  s  w;  s 
described  in  CoNrnETE  more  than  a 
year  ago.'  In  the  first  work  a  sys- 
tem of  wood  forms  were  used  wliich, 
it  was  found,  required  too  much 
time  in  erecting.  Further  work  has 
been  waiting  in  the  meantime  for 
the  perfection  of  the  commercial 
system  of  forms  which  is  now  in  use 
and  which  probably  will  be  used  in 
the  construction  of  many  other  cot- 
tages if  the  work  continues  as  satis- 
factorily as  it  is  now  believed  it 
will. 

The  two  cottages  recently  built 
ari  35'  \  22'  outside  dimensions  and 
9'  high  from  floor  to  ceiling.  They 
are  for  summer  cami)ers  and  will 
replace  tents  which  the  Humi)lirey 
Co.  has  rented  for  various  short  |ic- 
riods  of  time  in  the  summer  at  Euc- 
lid Beach.  Canvas  tents  were  found 
very  expensive,  as  they  lasted  in 
good  condition  only  two  or  three  sea- 
sons and  tlie  construction  of  con- 
crete cottages  ahmg  some  rather 
original  lines  was  undertaken  with 
the  idea  of  finding  something  which 
would  be  more  economical  in  the 
long  run.  The  cottages  Iiave  three 
rooms,  including  a  fairlj'  large  liv- 
ing room,  kitchen  and  bath  room, 
with  hot  and  cold  water  and  a  porch 
extending  around  three  sides  of  the 
house,  which  is  to  be  screened  off 
and  used  probably  for  the  most  part 
for  sleeping  accommodations.  The 
plan  dimensions  include  the  porch. 
No  attempt  has  been  made  to  build 
these  houses  for  all  year  around 
occupancy  and  yet  as  a  test  of  just 
how  satis  f.actory  the  cottages  are,  it 
is  proposed  that  the  caretaker  at 
the  park  shall  spend  this  winter  in 
one  of  the  houses  and  find  out  wheth- 
er or  not  he  is  able  to  make  himself 

'Hydraulic  Pressed  Steel  Co.,  Cleveland 
'Elite  Mfg.  Co.,  Ashland,  Ohio 
•Nov.,    1914,   issue,   p.  222 
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comfortable  with  the  thin  wall  con- 
struction. The  walls  are  V  thick, 
the  slabs  for  the  floor  and  the  roof 
are  5"  thick.  The  roof  is  surmount- 
ed bj'  a  low  parapet  all  around  and 
the  roof  slab  covered  over  with  ()" 
or  8"  of  soil,  on  which  grass  will 
be  grown.  The  idea  of  this  soil  and 
sod  covering  is  to  prevent  the  rooms 
below  from  becoming  too  hot  under 
the  summer  sun.  Tlie  floors  are  laid 
directly  on  the  ground,  being  con- 
structed first,  and  the  forms  set  up 
on  top  of  them.  The  soil  is  well 
drained  and  sandy  along  the  water 
front  and  it  is  believed  that  for  the 
purposes  intended  this  method  of 
construction  will  prove  entirely  sat- 
isfactory. Each  of  these  cottages 
as  now  built  requires  oi  cu.  yds.  of 
concrete.  Lake  gravel  is  used, 
screened  through  a  l^s"'"-  screen, 
with  a  mixture  of  cement  in  the  pro- 
portion of  1  part  cement  to  about 
."^i  I;  parts  or  4  parts  of  tlie  gravel. 
The  gravel  costs  nothing  except  haul- 
ing and  this  cost  for  each  cottage 
does  not  exceed  $20.  One  house  re- 
quires 77  bbls.  of  Portland  cement, 
at  a  total  cost  of  $9<).  It  took  8  men 
a  little  over  4  das.  to  erect  the  forms 
but  the  foreman  of  the  job  is  con- 
fident that  when  these  forms  are  en- 
tirely   perfected,    as    they    had    not 


been  in  the  construction  of  these 
houses,  it  will  be  possible  through 
greater  ease  in  fitting  tlie  plates  and 
the  ribs  to  set  up  the  forms  in  about 
half  the  time  that  it  required  on  the 
first  two  cottages.  This  would  bring 
the  cost  of  setting  up  the  forms  to 
$.31. 40,  the  men  being  paid  at  the 
rate  of  24  cts.  per  hr.,  with  the  ex- 
ception of  two  men,  who  were  paid 
25  cts.  per  hr.  No  skilled  labor 
was  required.  The  continuous  mixer 
driven  by  a  Novo'  engine  is  used  and 
the  concrete  is  mixed  very  wet.  It 
falls  direct  from  the  mixer  trough 
into  the  elevator  which  is  shown  in 
the  accompanying  illustration. 

As  has  previousl}'  been  described, 
this  elevator  for  the  concrete  con- 
sists merely  of  paddles  on  a  chain 
operating  in  a  trough.  This  chain  is 
run  at  high  speed  so  that  whatever 
concrete  slips  through  one  paddle 
is  picked  up  by  the  next  one.  The 
rapidity  of  operation  makes  it  pos- 
sible to  convey  even  a  pail  of  water 
from  the  bottom  of  the  conveyor  to 
the  top  of  the  house.  The  frame- 
work supporting  this  conveyor  and 
the  conveyor  itself  have  been  en- 
larged somewhat  and  strengthened 
since  the  photographs  were  taken, 
which  are  reproduced  herewith.  The 
elevator  is  driven  by  a  3-h.  p.  Fair- 
banks-Morse engine.'  The  concrete 
empties  into  a  spout  at  the  top  and 
this  is  pivoted  so  that  it  can  be 
moved  around  to  cover  the  entire 
area,  making  pouring  continuous. 
With    this    equipment    and    with    7 


*Novo  Engine  Co..  Lansing.  Mich. 
'Fairbanks,  Morse  &  Co.,  Chicago 
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men  on  the  job  a  house  complete 
except  for  the  floor  which  was  pre- 
viously made  and  for  the  parapet 
above  the  roof,  was  poured  in  3 
hrs.  The  nature  of  the  conveying 
apparatus  serves  as  a  continuation 
of  the  mixing  process  so  that  when 
the  concrete  leaves  the  end  of  the 
convej'or  it  is  in  excellent  condition 
and,  so  far  as  can  be  noted,  without 
any  separation  of  the  fine  from  the 
coarse  material.  The  resulting  con- 
crete surfaces  are  good  and  without 
pockets  and  almost  free  from  pin- 
holes . 

With  the  new  system  of  forms  it 
is  possible  in  fairly  good  weather 
to  remove  the  plates  24  hrs.  after 
pouring.  The  ribs  which  hold  the 
plates  remain  in  place  as  long  as 
may  be  necessary  to  support  the 
walls.  The  forms  can  be  stripped 
by  eight  men  in  one  day  and  in  that 
time  given  all  the  cleaning  that  is 
required.  The  surfaces  are  very 
smooth  and  with  reasonable  care  the 
forms  are  expected  to  last  a  long 
time  with  but  small  depreciation. 

In  the  construction  of  the  cottages 
an  unusually  large  amount  of  steel 
was  required  in  order  to  conform  to 
the  building  ordinance  of  Cleveland 
and  for  this  job  amounted  to  5,032 
lbs.  at  a  cost  of  $105,  cut  to  size. 
The  floor  slab  has  %-in.  and  %-in. 
round  rods  12"  o.  c,  the  walls  l/2"in. 
rods  15"  o.  c,  the  roof  %-in.  and 
%-in.  rods  12"  and  15"  o.  c. 
Trussed  rods  were  used  over  all  wall 
openings,  %-in.  rods  in  all  pilasters 
and  columns  and  ^^''i-  rods  were 
placed  in  fan  shape  in  the  L  of  the 
porch.  The  earlier  cottages  built 
more  than  a  year  ago  with  f.ir  less 
steel  have  been  entirelj'  satisfactory. 

Mr.  Killaly  felt  that  the  building 
department  of  Cleveland  was  a  little 
dubious  as  to  the  strength  of  the 
concrete  owing  to  the  method  of  mix- 
ing and  depositing,  so  he  took  the 
concrete  j  ust  as  it  came  from  the  end 
of  the  conveyor  and  made  three  6-in. 
cubes  which  showed  an  average 
strength  at  28  das.  of  1,779  lbs.  per 
sq.  in. 

One  of  the  cottages  was  given  a 
crandalled  finish.  This  work  was 
done  7  wks.  after  the  house  was 
poured  and  one  man's  time  was  re- 
quired for  5  das.  to  do  it.  Pilas- 
ters and  corner  columns  and  strips 
around  windows  and  doors  were  left 
smooth  for  trim.  One  cottage  had 
approximately  1,057  sq.  ft.  of  sur- 
face to  be  finished  and  the  total  cost 
was  $10.75,  or  approximately  1  ct. 
per  sq.  ft.  This  cost,  Mr.  Killaly 
says,  can  be  greatly  reduced  by  do- 
ing the  finishing  soon  after  forms 
are  removed.  Mr.  Killaly  says  that 
a  price  of  $6  should  cover  this  work 
if  it  is  done  at  the  right  time. 

[SS] 


Fig.  1 — .-Vs  .-\TmACTi\'i:  Coxcbete  Hovse  at  Hackensack,  N.  Y. 

Concrete  House  Constructed  by  New  Form 
System 


Concrete  houses  have  been  con- 
structed satisfactorily  without  the  use 
of  an  air  space,  but  it  is  generally 
conceded  that  in  the  northern  -part 
of  this  country  air  spacing  is  essen- 
tial to  good  results.  To  secure  such 
an  air  space  in  monolithic  construc- 
tion has  been  the  aim  of  many  con- 
crete workers. 

The  house  described  was  built  by 
a  system  which  is  the  invention  of 
Hermann  J.  Schubert.'  As  will  be 
seen  by  a  study  of  the  illustrations,, 
the  forms  consist  of  metal-lined 
wood  sections  secured  to  U-shaped 
unit  frames,  which  are  in  turn  sup- 
ported by  a  scafi'old  and  which  grip 
the  wall  to  preserve  alignment.  A 
study  of  Figs.  2  and  4  will  make 
clear  the  method  by  which  the  outer 
forms  are  held  and  also  the  pro- 
vision for  adjustments  to  different 
wall  thicknesses.  The  forms  are 
seen  in  use  in  Fig.  2.  The  inside 
form  or  core  is  a  feature  of  this 
construction,  as  will  be  noted  by  a 
study  of  Fig.  5.  They  form  thin 
curtain  walls   stiffened  with  vertical 

^Hackensack,  N.  J. 


ribs  wliich  are  produced  by  the  shape 
of  the  core.  The  cores  are  re- 
versed every  2'  in  height,  resulting 
in  a  staggered  air  space  with  ver- 
tical reinforcing  in  the  ribs  as 
shown  at   Fig.   6. 

GENERAL    FEATURES 

A  special  eff'ort  was  made  by  the 
arcliitect  to  secure  pleasing  lines 
and  attractive  finish.  As  will  be 
seen  in  Fig.  3,  the  house  contains 
seven  rooms  and  a  bath  and  is  pro- 
vided with  large,  attractive  porches. 
All  exterior  walls  are  concrete  12" 
thick  in  the  basement  and  10"  thick 
in  the  superstructure.  Concrete  par- 
titions are  10"  thick  in  the  base- 
ment and  8"  thick  in  the  super- 
structure. All  openings  are  spanned 
by  reinforced  concrete  lintels.  Porch 
columns  were  cast  separately  and 
set  in  place,  the  other  members  be- 
ing molded  in  place  around  them. 
The  roof  is  of  frame  construction, 
covered  with  dark  red  asbestos 
shingles.  The  main  cornice  is  of  re- 
inforced concrete,  including  the 
brackets,  and  was  cast  in  place  in 
galvanized   sheet   iron   forms. 

'Frederick  J.  Ritter,  Architect,  Philadelphia 


Fig.    2 — Wall    Coxstructiox,    Showixg   Forms  in  Place 
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The  concrete  used  was  mixed 
1 :2  'A,  sand  and  crushed  rock  being 
the  aggregate  used,  with  the  excep- 
tion that  tlic  outer  2"  of  the  wall 
were  faced  with  a  mixture  of  white 
cergent'  and  marble  dust  mixed  1 :2. 
While  this  facing  material  and  the 
care  necessary  in  placing  it  in- 
creased the  expense,  they  have  pro- 
duced an  exceedingly  attractive 
building. 

To  avoid  showing  construction 
joints  the  building  is  divided  into 
courses,  as  shown  in  Fig.  1,  by 
means  of  beveled  wood  strips  at- 
tached to  the  inside  of  the  forms. 
The  result  suggests  rather  than  imi- 
tates cut  stone,  as  no  vertical  joint 
is  shown,  and  serves  to  break  up  the 
surface.  After  removing  the  forms 
the  walls  were  rubbed  and  then  giv- 
en a  brush  coat  of  cement  and  fine 
sand  and  again  rubbed.     This  treat- 


FiG.  3 — Floor  Plans 

ment  fills  fine  imperfections  and  pro- 
duces an  attractive  surface  that  will 
not  peel,  as  is  likelj'  to  occur  when 
a  plain  cement  wash  is  used. 

REINFORCING 

The  outer  walls  are  reinforced 
vertically  with  %-in.  round  rods  in 
the  center  of  each  rib  and  horizon- 

'Atlas  Portland  Cement  Co.,  N.  Y.  C. 
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Fig.    4 — Skctiox   of   Wall   and    Forms, 
Showing  Method  of  Adjcstment 


tally  with  ^(g-in.  rods  2\"  o.  c.  stag- 
gered^ that  is,  alternate  rods  were 
placed  on  opposite  faces  of  the  wall. 
All  reinforcement  is  1"  from  the 
surface.  Concrete  partitions  are  re- 
inforced bj'  °/i(i"  round  rods  spaced 
1 8"  o.  c.  both  horizontally  and  ver- 
tically. The  kitchen  and  porch  slabs 
are  5"  thick,  reinforced  with  %-in. 
round  rods  6"  apart  and  ^/4-in. 
round  rods  2'  apart  at  right  angles. 
The  chimney  is  of  reinforced  con- 
crete and  contains  flues  for  the  fur- 
nace, kitchen  range  and  reinforced 
concrete  fireplace.     Plastering  is  di- 


rectly on  the  concrete  wall,  as  the 
air  space  gives  perfect  insulation 
and  makes  lathing  unnecessary. 

COST    DATA 

It  is  evident  that  in  the  construc- 
tion of  the  first  house  with  a  new 
system,  the  expense  would  be  con- 
siderably beyond  what  would  be  ex- 
pected upon  perfection  of  the  equip- 
ment and  with  more  experience. 
This  discrepancy  was  i)arlicularly 
marked  in  connection  with  the  fac- 
ing used,  as  it  was  found  that  using 
white  sand  and  gravel  instead  of 
marble  dust  would  materially  reduce 
tiie  cost  without  sacrificing  appear- 
ance. The  house,  including  land, 
was  sold  for  $7,000,  and  the  point 
is  made  that  it  found  a  ready  sale 
at  a  time  when  other  houses  in  the 
vicinity  were  not  selling.  The  cost 
for  the  concrete  work  is  given  as 
follows : 

White  concrete,  1,152  oil  ft.  ®  46% 

cts i    584.2* 

MlXTLBE 

1  cement     {3.00  per  bbl. 

2  marble  dust  9.00  per  ton 

8  lime   stone    2.75  per  ton 

riain  concrete,  -1,463  cu.  ft.  i@)  about 

15V4  cU 6»4.7» 

Mixture 

I  cement   $1.24  per  bbl. 

2^4   sand    1.50  per  yd. 

4  stone  1.70  per  ton 

Wages   for  concrete   work,   including 

rubbing  down    1,221.17 

12,450.20 


Fig.  6 — Section  of  Wall.  Showing  Rib 
Abrancement 


Fig.   S — Detail   of  Cores  and  Diaghaj 
OF  Their  Arrangement  in  the  Wall 


According  to  Popular  Mechanics  a 
Kansas  farmer  has  been  making  an 
American  flag  out  of  concrete,  thus 
decorating  the  front  yard  with  the 
national  colors.  "The  banner  was 
built  up,  stripe  by  stripe,  while  the 
blue  field  was  painted  on  instead  of 
being  made  of  colored  material,  as 
were  the  red  stripes.  In  dimensions 
it  is  4'  X  6'  and  is  mounted,  in  flag 
fashion,  20'  from  the  ground  on  a 
'tree'  also  made  of  concrete. 
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Composition  Flooring  in  the  Concrete 

Field  n  D  n  n 


The  Followixg  Questions  Are 
Discussed  by 

The    Editors 

1.  Of  what  is  composition  floor- 
ing made? 

2.  What  possibilities  has  the  lay- 
ing of  these  floors  for  the  concrete 
contractor? 

3.  What  special  precautions  and 
methods  are  essential  to  its  success- 
ful use  on  a  concrete  base?  Do  you 
consider  that  the  material  can  be 
successfully  laid  by  a  careful  me- 
chanic mho,  without  special  personal 
training,  will  follow  directions  fur- 
nished by  supply  houses? 

4-  Do  composition  floors  give 
satisfactory  service?  Under  what 
conditions? 

Editorial  Discussion 

A  large  number  of  letters  asking 
these  questions  were  sent  to  archi- 
tects, contractors  and  scientific  insti- 
tutions, to  composition  flooring  spec- 
ialists and  to  those  selling  raw  ma- 
terials. The  replies  received  are  too 
numerous  to  attempt  to  present  them 
in  these  columns.  The  information 
collected  in  this  way  has  been  sup- 
plemented  by  an  exhaustive  search 
of  such  sources  as  are  available  in 
printed  form  and  by  personal  obser- 
vation. The  following  summary  is 
not  the  last  word  but  it  is  hoped  that 
its  publication  will  start  free  discus- 
sion of  a  material  offering  great  pos- 
sibilities, but  often  discredited, 
through  lack  of  care  and  knowledge 
and  sometimes  used  by  unscrupulous 
persons  to  exploit  the  inexperienced 
buyer. 

A  few  quotations,  typical  of  the 
discussions  received  and  indicating 
the  difference  of  opinion  that  exists 

[34] 


according  to  the   experience    of   the 
writers,  are  given. 

J.  J.  Kessler*^  takes  an  optimistic 
view  and  says  in  part : 

1.  This  floorinfr  is  made  of  magnesia 
and  magnesium  chloride;  the  magnesia  is 
used  as  a  base  for  the  dry  materials  and 
the  chloride  is  used  with  the  mixing 
water.  These  two  substances  undergo  a 
chemical  combination  forming  an  oxy- 
chloride.  Inert  substances,  such  as  cork, 
sawdust,  etc.,  are  used  as  fillers  and  be- 
sides these  substances  other  ingredients 
are  used  to  take  care  of  expansion  and 
contraction. 

2.  Composition  floor  has  great  possi- 
bilities for  the  contractor,  although  its 
use  requires  expert  supervision.  This 
material  is  becoming  popular  and  is  tak- 
ing the  place  of  tile,  wood,  brick  and 
asphalt  floors.  It  is  akin  to  concrete  in 
the  method  of  handling. 

3.  When  the  material  is  supplied  by 
a  reputable  concern  if  the  workman  will 
carefuUv  carry  out  instructions  in  lay- 
ing there  is  no  reason  why  these  mate- 
rials cannot  be  succe>sfully  laid.  Of 
course,  like  concrete  floors,  it  requires 
experience  for  the  best  results  but  in 
the  use  of  the  materials  there  is  nothing 
which  requires  expert  handling,  except- 
ing that  expertness  which  comes  from 
experience. 

4.  Composition  floors  can  be  used 
practically  everywhere  except  out  of 
doors;  they  stand  vibration  very  much 
better  than  concrete.  The  material  per- 
mits a  very  much  greater  variety  of 
finish  and  is  a  more  attractive  flooring 
than  Portland  cement  concrete. 

Extracts  from  a  letter  by  R.  F. 
Havlik-  represent  those  who  take  the 
opposite  view  of  the  material: 

1.  Composition  flooring  is  a  mixture 
of  oxide  of  magnesia,  which  is  the  ce- 
ment of  the  composition,  coarse  marble, 
marble  dust,  a  small  percentage  of  saw- 
dust, a  small  percentage  of  asbestos  and 
one  or  two  other  inert  materials.     These 


^Pres.,  The  Dielectric  Co.,  St.  Louis,  Mo. 
'Constn.  Supt.,  Mooseheart,  III. 


materials  are  mixed  in  a  dry  form. 
Then  in  place  of  mixing  with  water  a 
dilute  solution  of  chloride  of  magnesia, 
usually  at  22°  Breaum^,  is  used.  The  de- 
grees Beaume  designate  the  specific 
gravity  of  the  liquid.  The  above  compo- 
sition is  usually  laid  over  another  mix- 
ture consisting  of  coarse  saw-dust,  oxide 
of  magnesia,  asbestos  and  marble  flour 
mixed  with  a  diluted  solution  of  chloride 
of  magnesia.  The  purpose  of  this  second 
mixture  is  to  act  as  a  binder  between 
the  wearing  surface  and  the  sub-base, 
and  also  to  lower  the  cost. 

2.  Personally  I  do  not  consider  that 
composition  floors  have  any  advantages 
for  concrete  contractors,  nor  do  they 
have  any  advantages  over  any  other 
types  of  flooring,  except  their  sanitary 
value.  Composition  floors  are  commonly 
regarded  as  resilient  and  elastic,  but 
this  is  not  the  case.  They  are  practi- 
cally as  hard  under  foot  as  ordinary  con- 
crete, and  not  much  more  elastic.  I 
would  not  under  any  condition  consider 
the  use  of  the  niagnesite  floor  where  ter- 
razzo  or  tile  could  be  used. 

3.  Magnesite  floors  cannot  be  laid 
successfully  on  a  damp  concrete  base; 
extra  precaution  should  be  taken  to  dry 
the  concrete  thoroughly.  I  personally 
do  not  consider  that  an  ordinary  me- 
chanic can  lay  magnesite  floors  success- 
fully by  following  mail  order  instruc- 
tions. He  might  lay  a  small  job  success- 
fully, but  would  make  a  failure  of  a 
large  job. 

4.  I  know  of  a  considerable  number 
of  composition  floors  that  give  satisfac- 
tory service.  These  floors  have  been  laid 
over  both  concrete  and  wood.  Some  of 
them  are  used  in  bath  rooms  and  others 
in  public  waiting  rooms.  I  have,  my- 
self, laid  a  number  of  both  kinds  of 
floors  successfully  but  the  danger  of 
getting  an  unsatisfactory  job  is  so  great 
that  I  would  not  advise  my  friends  to 
eo  into  the  business. 


The  history  of  this  material  dates 
from  the  basic  patents  of  Staneslas 
Sorel  of  Paris  in  1866  but  "Sorel 
Stone,"  as  the  new  material  was 
termed,  was  destined  to  disappoint 
those  who  looked  for  early  success. 
Xumerous  patents,  many  of  which 
are  expired  have  been  granted, 
copies  of  which  can  be  obtained  at 
the  patent  office.  Chemists  here  and 
abroad     have     overcome     difficulties 
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and   gradually   perfected   a   valuable 
material. 

RAW    MATKniALS 

ISIagnesite  is  mined  in  Greece  and 
Austria,  though  some  is  being  pro- 
duced in  tliis  country".  It  is  used 
largely  as  a  fire-resistive  material 
in  the  smelting  industry  and  in  the 
manufacture  of  refractory  brick. 
The  raw  magnesite  is  burned  to  drive 
off  most  of  the  COj  which  it  con- 
tains and  is  shipped  in  powdered  or 
granular  form.  Calcium  chloride  is 
a  by-product  chiefly  produced  by 
German  salt  works;  it  is  shipped  in 
crj'stal  or  in  liquid  form  and  re- 
duced to  the  proper  strength  by  the 
addition  of  water  as  measured  by  a 
hydrometer. 

One  of  the  chief  difficulties  which 
confronts  tlie  composition  floor  work- 
ers is  in  obtaining  materials  of 
standard  strength  and  purity.  It  is 
claimed  by  some  floor  specialists 
that  the  raw  materials  available  to 
the  small  buyer  are  largely  the  re- 
jections  of   their  chemists. 

SECRET    FORMUL.IS 

For  some  years  formulas  have 
been  offered  for  sale  in  connection 
with  representations  as  to  the  possi- 
bilities for  |)rofit  in  laying  composi- 
tion floors  and  the  manufacture  of 
artificial  marble.  Careful  investi- 
gation has  shown  that  the  value  of 
such  formulas  over  those  available 
through  large  public  libraries  and 
otherwise  accessible  by  the  careful 
investigator  is  open  to  question  and 
that  they  should  be  purchased  only 
after  investigation  of  more  than 
usual  thoroughness.  Representations 
as  to  the  ease  which  the  business 
may  be  learned  as  told  by  those  sell- 
ing formulas  are  generally  mislead- 
ing. 

TYPICAL    PRACTICE 

Among  the  information  on  file  at 
this  office  is  a  letter  describing  the 
materials  used  by  the  Aberthaw  Con- 
struction Co.*  and  describing  the 
practice  of  that  company.  We  quote 
from  it  the  following: 

The  following  formula  has  been  used 
with  very  good  success: 

10  lbs.  Calcined   Powdered   M'agnesite. 

5  qts.  to  7  qts.  fine  sand   (preferably' 

"Plum   Island"). 
3  qts.  to  3  lbs.  \\Tiite  Talc. 

6  qts.  to  7  qts.   "Combined    Liquid." 

The  so-called  "combined  liquid"  men- 
tioned in  this  formula  consists  of  mag- 
nesium chloride  dissolved  in  clear  water 
to  a  consistency  of  23°  to  24°  Beaume 
in  summer,  and  from  21°  to  20°  Beaura^ 
in   winter,   and  magnesium   sulphate   so- 


^See  the  Bull.  Production  of  Magnesite,  U. 
S.  Geological  Survey,   Washington,  D.  C. 


lution  of  15°.  To  the  magnesium  chlo- 
ride a  10%  of  magnesium  sulphate  solu- 
tion is  added  to  produce  the  "combined 
liquid."  This  liquid  is  boiled  and  skim- 
med before  using.  The  dry  materials 
are  mixed  thoroughly  and  the  "com- 
bined liquid"  solution  added  and  slowly 
and  carefully  mixed  so  that  the  fibre  and 
other  materials  will  not  become  sep- 
arated. 

If  a  colored  floor  is  desired,  approxi- 
mately 10%  coloring  mineral  is  added 
for  red,  brown  or  buff,  and  from  1% 
to  4%  black  for  gray  or  black  work. 
The  colors  are  thoroughly  mixed  with 
the  dry  materials  before  adding  the 
"combined    liquid." 

In  laying  a  composition  floor,  so-called, 
on  a  concrete  base  the  base  should  first 
be  painted  with  a  mixture  of  the  com- 
bined liquid  and  magnesite  after  ascer- 
taining that  the  base  is  thoroughly  dry 
and  clean.  Over  this  the  mixture  is 
spread,  making  a  floor  from  %"  to  lA" 
thick.  This  gives  a  splendid  wearing 
surface. 

The  mixture,  in  a  pasty  condition,  is 
gradually  worked  out  upon  the  floor  to 
a  proper  thickness  for  using  a  straight- 
edge. The  amount  specified  in  the  for- 
mula will  cover  10  sq.  ft.  of  floor  space 
%"  thick.  When  the  mixture  has  been 
properly  spread  and  leveled,  it  is  treated 
like  a  regular  cement  finish  or  top  dress- 
ing that  is,  when  sufTicicntly  set,  it  is 
worked  with  a  trowel  to  a  smooth  sur- 
face. 

In  laying  border  floors,  white  pine 
strips  are  used  to  lay  out  the  border. 
Inside  this  form  the  center  panel  is  cast 
in  any  desired  color.  When  this  center 
panel  has  set  sufficiently  the  pine  strips 
are  removed  and  the  border  cast  in  an- 
other color. 

This  letter  presents  in  concise 
form  the  general  methods  of  laying 
composition  flooring  but  the  point 
cannot  be  too  strongly  emphasized 
that  the  raw  materials  obtainable 
may  vary  and  that  extreme  care 
must  be  used  at  every  step.  Even 
more  than  in  the  handling  of  Port- 
land cement  concrete  the  careless 
worker  faces  certain  failure. 

READY  MIXED   MATERIALS 

During  the  last  few  years  a  num- 
ber of  firms  have  offered  for  sale 
ready  for  use  flooring  material,  un- 
der various  trade  names.  The  pre- 
pared floorings  seem  to  depend 
largely  on  the  skill  of  the  workman 
for  successful  use  and  we  advise 
that  they  be  tried  out  cautiously  to 
demonstrate  the  success  in  the  hands 
of  the  user  before  attempting  work 
of  any  size.  A  large  number  of  let- 
ters have  been  received  from  users 
which  indicate  that  the  man  who  fol- 
lows directions  intelligently  and 
with  great  care  can  lay  a  satisfac- 
tory floor. 

The  editors  believe  in  the  light  of 
information  now  available  that  com- 
position floor  is  a  material  as  yet 
unstandardized  except  perhaps  by  a 
few  specialists  who  do  not  disclose 
the  results  of  these  researches. 
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COMPOSITION     FLOOR    SPECIALISTS 

A  number  of  companies  have  for 
some  years  specialized  in  laying  this 
composition  floor.  To  these  people 
is  due  great  credit  for  research  and 
experimental  work  which  has  dem- 
onstrated beyond  question,  that,  in 
proper  hands,  a  magnesite  floor  can 
be  laid  that  is  fireproof,  sanitary, 
attractive  and  lasting.  The  services 
of  these  specialists  are  now  avail- 
able in  the  larger  cities  and  their 
work  is  laid  under  a  guarantee  to 
give  satisfaction. 


The  conclusions  drawn  from  the 
material  thus  far  available  arc: 

1.  Composition  flooring  properly 
laid  gives  satisfaction  and  is  often 
a  valuable  finish  for  concrete. 

2.  Do  not  buy  formulas, — if  they 
possessed  exceptional  value  over 
those  otherwise  obtainable  they 
would  not  be  offered  for  sale. 
Sources  of  information.  Public  Li- 
braries in  large  cities,  Patent  Office. 
Concrete  will  furnish  on  applica- 
tion.— 

(a)  List  of  reliable  flooring  com- 
panies   who   lay   guaranteed    floors. 

(b)  Lists  of  those  who  sell  raw 
material. 

(c)  List  of  those  who  sell  mixed 
materials  which  we  believe  will  give 
good  results. 

(d)  Such  formulas  as  have  been 
secured.  These  are  probably  equal 
to  many  offered  for  sale.  They  will 
su])ply  a  basis  for  individual  experi- 
ment if  nothing  more. 

S.  As  a  side  line,  we  believe  the 
material  possesses  possibilities  for 
the  concrete  contractor,  which  he 
should  seek  to  develop  only  with 
great  caution  and  with  most  careful 
workmanship. 

4.  We  believe  that  in  general  the 
floorings  offered  for  sale  in  pre- 
pared form  can  be  handled  and  laid 
successfully  for  flooring  small  areas 
as  halls  and  bathrooms  and  that  in 
the  hands  of  the  expert  would  be 
successful  on  larger  areas.  Their 
use  on  large  areas  is  not  advised  un- 
til the  individual  user  has  demon- 
strated that  he  can  lay  them  with 
success.  We  consider  that  by  start- 
ing in  a  small  way  the  contractor 
can  gain  experience  and  can  grad- 
ually build  a  market  for  a  promis- 
ing material. 

5.  We  advise  that  specialists  be 
employed  on  important  work  until 
the  user-has  proven  his  ability  to  use 
the  material  successfully. 

Co-operation  by  all  interested  in 
the  development  of  the  material  in 
an  effort  to  learn  the  truth  is  de- 
sired. 
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Furring  Walls  and  Plastering  Direct 
in  Concrete  House  Construction  □ 


The   Following  Question  is 
Discussed  By: 

The  Editors 

"In  residence  construction  should 
plaster  be  applied  direct  to  interior 
turfaces  of  walls?" 


Editorial  Discussion 

This  magazine  has  always  advised 
its  readers  not  to  plaster  direct  on 
the  inside  of  any  residence  wall 
which  does  not  provide  a  continuous 
air  space.  This  advice  has  been 
given  repeatedly  in  spite  of  appar- 
ently successful  house  construction 
where  plastering  has  been  applied 
direct  to  the  interior  surface.  Good 
results  have  been  obtained  not  only 
on  hollow  concrete  block  where  the 
hollow  space  is  not  continuous  but 
also  in  solid  concrete  walled  houses. 
This  magazine  has  adhered  to  the 
idea  that  dry  walls  can  not  be  made 
a  certainty  without  a  continuous  air 
space  such  as  is  provided  either  by 
a  two-piece  block  or  by  a  double 
wall  of  monolithic  construction  or 
by  furring.  There  has  always  been 
a  feeling  of  hesitancy  in  pointing 
out  that  very  successful  work  has 
been  done  where  plastering  has  been 
applied  direct  to  walls  without  the 
continuous  hollow  space,  because  it 
seemed  that  success  could  not  be 
assured  althougli  it  is  possible  with 
the  more  economical  type  of  con- 
struction. 

damp  walls 

In  the  early  days  of  concrete 
house  construction,  particularly  in 
the  use  of  concrete  block,  altogether 
to  much  reliance  was  placed  upon 
the  fact  that  most  block  had  a  hol- 
low space  equ.al  to  2.5%  to  50%  of 
the  horizontal  area  of  the  block.  It 
was  believed  by  many  builders  that 
this  partial  hollow  area  in  the  wall 
would  take  care  of  insulation  and 
to  some  extent  take  care  of  pene- 
trating moisture  and  make  it  pos- 
sible to  plaster  direct  on  the  interior 
surface.  The  result  was  many  fail- 
ures and  this  magazine  is  still  re- 
ceiving letters  every  little  while  from 
owners  of  or  residents  in  concrete 
block  houses  which  have  damp  in- 
terior wall  surfaces.  The'se  fail- 
ures, however,  proceed  from  two 
causes  and  the  two  causes  are  abso- 
lutely distinct  and  different.  One 
is  the  penetration  of  outside  mois- 
ture, the  other  is  the  condensation  of 
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inside  moisture.  One  failure  is 
caused  by  block  which  are  very 
poorly  made  of  materials  not  prop- 
erly graded  so  that  moisture  is  ad- 
mitted through  the  solid  webs.  Then 
again,  a  perfectly  good  block  may 
be  poorly  laid  up  so  that  water  gets 
in  through  the  joints  and  this  ap- 
pears on  the  interior  plaster  when 
the  plaster  has  been  applied  with- 
out furring.  Further  difficulties  are 
sometimes  encountered  even  when 
block  are  well  made  and  when  well 
laid  up,  providing  there  are  settle- 
ment cracks  or  cracks  developing 
through  other  faults  in  construction, 
through  which  moisture  is  admitted. 
The  other  trouble  is  encountered 
even  with  the  best  of  walls  when 
ventilation  is  poor  or  when  there  is 
no  air  space.  All  of  these  condi- 
tions, commonly  encountered  in  work 
not  properly  done  from  start  to 
finish,  have  contributed  to  the  posi- 
tion of  this  magazine  in  maintaining 
that  the  surest  way  is  to  fur  out  on 
the  inside  of  the  ordinary  block  wall 
before  applying  plaster. 

condensation 

The  admission  of  moisture  from 
the  outside  of  the  wall  to  the  inside 
of  the  wall,  either  through  porous 
block  or  through  cracks,  is  an  en- 
tirely different  matter,  however, 
from  the  condensation  of  moisture  on 
the  inside  of  a  wall  which  may  be 
perfect  in  every  respect.  The  solid 
webs  of  the  block  communicate  tem- 
perature changes  from  the  outside 
of  the  wall  to  the  inside  of  the 
wall  so  that  if  there  is  a  great 
amount  of  moisture  on  the  inside  of 
the  house,  as  there  frequently  is  in 
the  winter  time  when  ventilation  is 
not  so  well  taken  care  of,  there  is 
condensation  of  the  moisture  from 
the  warm  air  inside  on  the  cold  sur- 
faces of  the  block. 


successful   work,    plastering 

DIRECT 

While  it  is  not  the  intention  of 
this  magazine  to  recall  the  advice 
which  it  has  given  it  does  seem  im- 
portant to  call  attention  to  certain 
developments  in  the  use  of  concrete 
block  whereby  very  satisfactory  re- 
sults have  been  obtained  with  plas- 
tering applied  directly  to  the  inter- 
ior wall  surface.  This  has  been  ac- 
complished successfully  where  pre- 
cautions were  taken  that  no  moisture 
could  get  through  from  the  outside 


to  the  inside.  This  is  commonly  , 
done  by  covering  the  outer  surface 
with  a  thoroughly  waterproof  stucco 
which  seals  up  all  the  pores  and  the 
cracks  and  prevents  any  moisture 
penetration.  As  to  interior  conden- 
sation, it  is  undoubtedly  true  that  if 
ventilation  is  well  taken  care  of  in 
the  house  so  that  there  is  a  change 
of  air  on  the  inside  there  will  be 
little  danger  of  condensation  on  the 
interior  surfaces  due  to  any  lack  of 
an  insulating  air  space. 

E.XPERIENCE     WITH     UNFURRED    WALLS 

In  the  Jan.,  1915,  issue  in  con- 
nection with  the  description  of 
houses  built  by  the  Sage  Foundation 
Homes  Co.,  at  Forest  Hills  Gardens, 
Long  Island,  there  was  mention  of  a 
cored  slab  used  for  the  walls.  These 
slabs  did  not  supply  a  continuous 
air  space  in  the  wall  but  did  provide 
flues  not  unlike  the  flues  which  re- 
sult from  the  construction  of  walls 
with  ordinary  hollow  concrete  block. 
It  was  said  that  there  had  been  no 
trouble  from  condensation  of  mois- 
ture on  the  inside  of  these  walls  ex- 
cept in  the  kitchen  in  the  winter 
time  when  the  air  outside  was  cold 
and  when  there  was  an  unusually 
large  amount  of  moisture  inside  due 
to  some  kitchen  work  which  pro- 
vided the  unusual  conditions. 

A  further  instance  of  successful 
work  along  this  line  appears  to  be 
in  the  houses  erected  in  England, 
mentioned  elsewhere  in  this  issue. 
These  houses  are  built  of  concrete 
block  covered  with  stucco  on  the  out- 
side and  with  plaster  applied  di- 
rectly to  the  block  on  the  inside.  In 
making  these  block  there  was  no  at- 
tempt to  obtain  a  thoroughly  dense 
block  to  shed  water.  The  absorp- 
tion was  taken  care  of  by  providing 
on  the  outside  a  seal  coat  of  plaster 
and  then  a  rough-cast  coat  and  these 
two  together  are  depended  upon  to 
keep  out  moisture  from  the  outside. 
The  strongest  evidence,  however,  of 
successful  work  along  this  line  with 
plaster  applied  direct  to  the  interior 
surfaces  of  block  walls  is  supplied 
by  W.  D.  Cowperthwaite,  Auckland, 
N.  Z.  There  is  further  mention 
elsewhere  in  this  issue  of  some  of 
the  houses  he  has  built.  Mr.  Cow- 
perthwaite makes  no  point  whatever 
of  trying  to  get  a  thoroughly  dense 
block.  He  says  that  a  block  which 
is  not  of  the  densest,  most  imperme- 
able concrete  actually  gives  better 
results  in  the  construction  of  houses 
in  which  the  plaster  is  to  be  applied 
direct  on  the  inside.  These  houses 
are  stuccoed  very  carefully  on  the 
outside  in  order  to  prevent  absorp- 
tion. 

W.    F.    Schwieterman,    gen.    mgr. 

of  the   Cement,  Tile  &   Block  Mfg 
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Co.,  Osgood,  Oliio,  writes  tliat  while 
lie  has  built  a  great  many  coiierete 
block  houses  wliieli  were  furred  on 
the  inside  before  latii  and  plaster 
were  applied,  he  built  a  house  for 
his  own  occupancy  in  which  he 
plastered  directly  on  the  block.  He 
says  that  this  construction  is  not 
only  cheapest  but  tiic  house  has 
given  the  best  of  satisfaction.  He 
says  that  the  walls  arc  perfectly  dry 
and  that  the  only  condensation  to  be 
noticed  is  in  the  kitchen  when  there 
is  much  steam  in  the  room  in  cold 
weather.  He  accounts  for  tiiis  very 
properly  by  saying  that  it  is  because 
the  room  is  practically  air  tight 
when  closed  up  in  the  winter,  some- 
thing which  is  not  true  in  ordinary 
flimsy  construction.  In  other  words, 
the  tighter  tlie  house  against  venti- 
lation the  more  apt  there  is  to  be 
condensation  on  the  inside. 

A     FAILUnE     IN    PLASTERINO    DinECT 

On  the  other  hand  William  N. 
Ward,  Mgr.  of  the  Twentielli  Cen- 
tury Concrete  Block  Co.,  Audubon, 
N.  J.,  writes  that  houses  of  concrete 
block  which  he  has  built  where  no 
furring  was  used  before  plaster  was 
applied  have  not  been  satisfactory 
and  that  the  walls  are  damp.  He 
says  that  this  damjiness  is  due  to 
condensation  and  not  due  to  absorp- 
tion from  tlie  outside.  This  report 
is  typical  of  hundreds  of  instances 
of.poor  economy  in  plastering  direct. 

Rolf  R.  Newman,  Riverside,  Cal.. 
says  that  he  has  built  solid  wall 
houses  in  New  England  and  in  spite 
of  a  rigorous  climate  they  have  been 
entirely  satisfactory  with  plaster  ap- 
plied direct  on  the  interior  surface 
of  the  wall. 

All  of  the  accumulated  testimony 
bears  out  the  belief  that  it  is  a  some- 
what complicated  problem  in  which 
some  of  the  conditions  respecting 
each  particular  case  are  not  always 
known.  It  also  seems  obvious  that 
the  tendency  to  experience  trouble 
from  condensation  on  the  inside, 
when  the  wall  itself  is  entirely  sat- 
isfactory from  a  waterproof  stand- 
point, is  more  apt  to  be  met  with  in 
very  cold  climates  than  in  moderate 
climates.  Solid  wall  houses,  for  in- 
stance, in  the  vicinity  of  Washing- 
ton, D.  C,  have  been  entirely  satis- 
factory. Yet  a  type  of  construction 
satisfactory  in  Washington  might 
prove  entirely  inadequate  in  a  colder 
region.  It  would  seem  that  if  a 
builder  is  determined  to  plaster  di- 
rect on  the  wall,  his  problem  provid- 
ing he  has  good  materials  to  make 
a  watertight  wall  of,  becomes  one 
of  ventilation  in  order  to  prevent 
condensation.  This  situation  might 
be  much  different  with  thicker  solid 
■walls,  because  increased  thickness  of 

January,  1916 


wall  obviously  would  overcome  to 
some  extent  the  tendency  of  the 
walls  to  present  a  cold  surface  to 
moisten  on  the  inside. 

William  Mayo  Vcnable^  points 
out  very  positively  that  it  is  not  safe 
in  a  cold  climate  to  eliminate  inter- 
ior furring  on  any  type  of  block  wall 
except  one  having  a  continuous  in- 
terior air  space.  In  his  opinion  it 
is  not  advisable  to  put  interior  plas- 
ter direct  on  concrete  block  nor  upon 
a  solid  wall  unless  the  wall  is  more 
than  9"  thick.  It  is  practicable  he 
says  to  make  walls  thick  enough  so 
that  they  can  be  plastered  direct 
on  the  inside  but  it  is  very  expen- 
sive and  the  thickness  required  de- 
pends upon  the  climate  as  well  as 
upon  the  composition  of  the  concrete. 

"popcorn"  concrete 

In  this  connection  it  should  be 
mentioned  that  there  have  been  sug- 
gestions of  a  so-called  "popcorn" 
concrete.  Very  porous  concrete 
might  be  made  with  cinders  and  very 
little  sand  and  while  this  would  not 
be  strong  it  would  undoubtedly  have 
a  great  tendency  to  overcome  con- 
densation and  to  provide,  by  its  own 
porosity,  the  insulation  which  is  or- 
dinarily secured  by  means  of  a  con- 
tinuous air  space.  Houses  built  with 
something  of  this  idea  in  view  are 
those  constructed  at  Nanticoke,  Pa., 
by  Milton  Dana  Morrill,  several 
years  ago-.  It  is  urged,  however,  in 
this  connection  by  Mr.  Venable  that 
such  concrete  does  not  provide 
))roper  protection  for  the  steel  used 
in    reinforcing. 

Mr.  Cowperthwaite  contributes  the 
idea  that  a  solid  wall  should  not  be 
plastered  inside  with  a  dense  Port- 
land cement  mortar,  on  the  theory 
that  a  certain  amount  of  moisture 
is  objectionable  only  when  it  is  evi- 
dent. A  more  porous  plaster  is 
recommended  so  that  slight  conden- 
sation will  be  absorbed.  Such  walls 
probably  should  not  be  painted  so 
that  the  pores  will  be  closed.  Read- 
ers will  be  familiar  with  the  fact 
that  painted  kitchens  sometimes 
show  a  great  deal  of  condensed 
moisture  on  the  walls  while  a  wall 
not  so  painted  absorbs  the  moisture 
so  that  it  is  not  evident. 

To  sum  up  these  various  ideas  on 
the  subject  of  providing  insulation 
against  temperature  changes  and 
waterproofness  as  well,  in  concrete 
walls  it  seems  that  the  conservative 
builder,  who  wants  to  be  sure  of  a 
satisfactory  job,  will  either  provide 
in  his  wall  a  continuous  air  space 
or  else  he  will  fur  out  before  apply- 
ing    lath     and     plaster.       Another 


^Concrete,     Feb.,     1912;     Concrete-Cement 
.\ge,  Mar.,  1913,  p.  153,  Apr..  1913,  p.  173 


builder  equally  conservative  perhaps 
but  with  experience  along  other 
lines  and  feeling  sure  of  the  char- 
acter of  the  work  which  he  and  his 
men  are  doing,  may,  like  our  corres- 
pondents in  England  and  in  New 
Zealand,  find  it  very  satisfactory  to 
plaster  direct  on  the  block.  When 
this  is  done,  however,  it  seems  neces- 
sary not  only  that  ventilation  be 
taken  care  of  so  as  to  prevent  con- 
densation but  that  the  walls  be 
structurally  perfect,  not  only  when 
first  built,  but  for  the  future  so 
cracks  will  not  develop,  which  will 
admit  moisture  from  outside.  It  is 
up  to  the  builder  to  decide  whether 
or  not  he  is  sure  enough  of  his 
methods  and  of  his  men,  to  save  the 
expense  of  furring  and  lath  before 
applying  plaster,  by  the  most  care- 
ful methods  in  every  other  respect 
in  his  work.  The  builder  who  is 
very  sure  of  the  character  of  work 
he  is  getting  out  of  the  men  in  his 
employ  can  do  a  great  many  things 
which  builders  cannot  do  who  are 
not  absolutely  sure.  Most  builders 
will  prob.iblj'  decide  that  if  the}'  are 
taking  chances  with  solid  walls, 
with  no  air  space,  they  prefer  to 
take  the  necessary  precaution  rather 
than  assume  responsibility  for 
chances  of  failure.     To  sum  up: 

Dampness  on  the  interior  surfaces 
of  concrete  walls  may  be  due  to: 

1.  Poor  concrete,  which  is  so 
porous  as  to  permit  the  moisture  to 
strike  through  from  the  outside. 

2.  Cracks  (caused  by  poor  block 
laj'ing,  by  settlement  of  wall  or  by 
temperature  movement  not  properly 
pro^nded  for)  through  which  moist- 
ure penetrates  to  the  inside. 

3.  Lack  of  air  space  for  insula- 
tion in  the  wall  or  lack  of  proper 
ventilation  so  that  moisture  in  the 
air  inside  the  house  condenses  on  the 
walls. 


^Mining  engineers  are  taking  great 
interest  in  concrete  in  all  its  forms. 
This  is  especially  the  ease  with  rich- 
er mines  of  various  types,  the  shafts 
and  tunnels  of  which  are  expected  to 
be  of  service  for  years.  Many  of 
these  are  substituting  concrete  lum- 
ber for  ordinary  lumber  for  their 
timber.  This  is  especially  the  case 
in  the  new  workings  in  the  Minne- 
sota iron  range.  There  is  also  gain- 
ed by  the  use  of  concrete  lumber  a 
freedom  from  risk  which  is  of  first 
importance  from  the  point  of  view  of 
those  who  work  in  the  mines  and 
from  the  point  of  view  of  the  com- 
pany by  damage  to  property  and  loss 
of  life  among  the  miners. 


iChf.  Engr..  BIdg.  Dept.,  Blaw  Steel  Constn. 
Co.,  PitUburgh 
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Correspondence  :  a  Department 

in  Which  the  Reader  Becomes  the   Writer         □ 

This  is  your  department.  It  is  informal.  Use  it.  This  is  the 
place  for  letters  which  have  either  inspiration  or  information  for 
the  ^^other  fellow.''''  It  is  zvell  to  remember  that  you  are  usiially 
in  his  position.  If  you  are  to  get  the  good  out  of  these  columns, 
why  not  help  to  make  them  good  ?  Jt^rite  about  your  wo?-k. 
Help  the  Other  "other  fclloxv.''  n  n  n 


Concrete  Surfaces  Plas- 
tered and  Grouted       □ 

A  Letter  From  A.  M.  Wolf' 

In  any  locality  where  the  winters 
are  cold,  with  great  range  in  tempera- 
ture, the  practice  of  plastering  con- 
crete surfaces  with  cement  mortar  to 
remove  form  marks  and  smooth  up 
the  roughened  surfcases  left  by  the 
forms,  has  not.  as  a  general  rule, 
proven  satisfactory.  Variations  in 
temperature,  aided  and  abetted  by 
variations  of  moisture  in  the  coating, 
soon  play  havoc  with  plastered  con- 
crete surfaces.  Examples  of  the 
poor  results  to  be  obtained  by  plas- 
tering and  brush  coating  can  be 
found  in  almost  every  locality. 
Bridges,  buildings,  walls  and  abut- 
ments so  treated  may  be  satisfactory 
for  a  time,  but  in  most  cases,  after 
about  a  year,  present  a  very  patchy 
and  spotty  appearance,  due  to  the 
flaking  off  of  the  mortar. 

Tlie  only  way  that  cement  mortar 
can  be  made  to  stick  on  a  concrete 
surface  is  to  prepare  the  surface 
especially  for  such  treatment  by  cast- 
ing it  with  a  corrugated  surface  or 
by  roughening  the  entire  surface 
after  the  forms  are  removed.  The 
cost  of  this  treatment  will,  in  many 
cases,  be  much  more  than  some  better 
finishes,  and  so  it  does  not  pay  to 
prepare  surfaces  for  plastering, 
since  even  then  it  cannot  be  depend- 
ed upon  to  result  in  a  first-class  job. 

The  writer  has  personal  knowledge 
of  a  small  concrete  passenger  station 
near  Chicago  which  was  plastered  to 
obtain  a  better  surface,  and  the  at- 
tempt was  a  failure.  Portions  of 
this  structure,  which  was  built  in 
1910,  have  been  replastered  several 
times  but  the  mortar  soon  cracks  and 
flakes  off.  In  spots  the  mortar  finish 
has  separated  entirely  from  the  con- 
crete backing  and  can  be  picked  off 
in  large  flakes. 

»The  Condron  Co.,  Chicago 
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In  another  case  a  concrete  retain- 
ing wall  was  brush  coated  with  a 
thick  cement  grout  at  the  time  of 
building  (1909)  in  order  to  eradicate 
the  form  marks.  This  work  is  also 
a  failure.  Large  patches  of  this  coat- 
ing have  fallen  off.  The  surface 
presented  is  anything  but  attractive 
and  is  much  worse  tlian  the  original, 
form-marked  surface. 

These  two  jobs  are  typical  of  a 
great  many  unsatisfactory  attempts 
to  improve  the  appearance  of  con- 
crete surfaces  without  preparing  the 
surface  to  receive  the  plaster,  which 
would  necessarily  have  greatly  in- 
creased the  cost  of  the  finish  and,  in 
fact,  made  the  cost  prohibitive. 

The  causes  of  these  defects  are 
numerous  and  it  is,  therefore,  diffi- 
cult to  say  just  what  the  cause  may 
have  been  in  any  particular  case. 
Sometimes  one  condition  may  be  the 
cause,  while  in  another  an  entirely 
diff"erent  condition  or  combination  of 
conditions  is  responsible  for  the  fail- 
ure. 

In  general,  the  surface  of  any  con- 
crete work  which  is  mixed  wet  is 
coated  with  a  thin  film  of  cement 
which  produces  a  relatively  smooth 
surface,  not  considering  the  lips 
caused  bv  irregularities  of  the  forms, 
to  which  it  is  difficult  to  make  a  mor- 
tar coating  or  wash  stick. 

It  is  a  well  known  fact  that  a  rich 
mortar,  such  as  is  generally  used  for 
this  work,  shrinks  much  more  while 
hardening  in  air  and  expands  more 
rapidly  with  higher  temperature  tlian 
the  concrete  upon  which  it  is  plas- 
tered. 

Prof.  Alfred  H.  White,  of  the 
University  of  ^lichigan.  found  by  ex- 
periment that  1 :3  mortars  contract 
from  0.08%  to  0.1  '^c  which  is,  rough- 
ly ll,4  times  the  contraction  of  1  :2:4 
concrete  hardening  in  air  as  deter- 
mined by  tests  in  the  Office  of  Public 
Roads,  Dept.  of  Agriculture.  This 
diff'erence  in  contraction  of  cement 
plaster  and  concrete  explains  the 
cracking  and  chipping  off  of  plas- 
tered concrete  surfaces.     If  the  mor- 


tar does  stick  for  a  time  it  gradually 
loses  its  grip,  due  to  the  shrinkage 
of  the  mortar  while  hardening, 
coupled  with  the  eff"ect  of  tempera- 
ture changes  due  to  the  diff'erence  of 
tlie  coefficients  of  linear  expansion  of 
tlie  mortar  and  concrete. 

After  the  cement  plaster  has  be- 
come cracked  and  separated  slightly 
from  the  concrete,  water  easily  finds 
its  way  behind  it  and  if  present  when 
freezing  weather  comes,  the  plaster 
will  be  forced  oS  by  the  expansive 
force  of  the  freezing  water.  Even 
when  a  mortar  facing  placed  at  the 
same  time  as  the  concrete  is  used, 
cases  arise  in  which  diff'erence  in 
contraction  between  the  facing  and 
the  backward  causes  cracking  and 
spalling  of  the  surface.  The  same 
is  true  of  concrete  surfaces  coated 
with  a  cement  wash  applied  with  a 
brush. 

Even  when  care  is  exercised  by 
preparing  the  concrete  surface  for 
cement  plaster  by  removing  the  sur- 
face film  of  cement  and  roughening 
it  to  provide  a  bond  for  the  plaster, 
the  results  are,  in  the  majority  of 
cases,  unsatisfactory.  Various  pre- 
parations are  advertised  and  sold 
which  are  said  to  give  a  positive  bond 
between  a  concrete  surface  and  a  ce- 
ment plaster  coat.  These,  however, 
have  not  been  used  with  any  marked 
degree  of  success  in  work  exposed  to 
the  air. 

Cement  plaster  applied  to  surfaces 
which  are  always  damp  or  under  wa- 
ter gives  satisfaction  in  nearly  all 
cases.  This  is  due  to  the  fact  that 
the  expansion  of  the  finish  and  the 
concrete  while  hardening  under  water 
or  in  the  presence  of  moisture  is 
relatively  small  as  compared  with  the 
shrinkage  when  cured  in  air  and  more 
nearly  the  same  for  both. 

If  a  concrete  surface,  as  left  by 
the  forms,  is  to  be  finished  in  some 
manner  for  the  sake  of  appearance, 
plastering  or  brush  coating  is  simply 
"jumping  from  the  frying  pan  into 
the  fire."  Plastered  concrete  sur- 
faces have  been  tried  and  found 
wanting  too  often  to  warrant  their 
specification  for  any  job. 

Several  other  methods  of  surface 
finish,  which  are  much  better,  more 
durable  and  vastly  more  satisfactory, 
can  be  employed.  The  cheapest  of 
these  finishes  is  the  one  obtained  by 
rubbing  the  surface  of  concrete  with 
carborundum  or  cement  brick  before 
the  concrete  has  thoroughly  hardened. 
The  cost  of  finishing  concrete  sur- 
faces in  this  manner  ranges  from 
ll^-o  cts.  to  3  cts.  per  sq.  ft.,  depend- 
ing on  the  nature  of  the  work,  i.  e., 
whether  plain  or  broken  up  by  re- 
veals, panels  and  moldings.  The 
surface  produced  by  rubbing  is  of 
lighter  color  than  the  ordinary  con- 
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Crete  siirfnce,  is  more  nearly  imper- 
vious, does  away  with  form  marks, 
and  in  fact,  is  tlie  ideal  method  of 
low-cost  finish  for  concrete  work. 

If  the  main  object  is  to  color  the 
surface  of  the  existing  wall  the 
writer  suggests  the  use  of  one  of  the 
standard  brands  of  cement  paint  ap- 
plied in  one  or  more  coats  after  the 
surface  has  been  treated  (if  a  smooth 
surface  is  desired)   as  follows: 

After  the  forms  have  been  removed 
and  the  concrete  has  seasoned  and 
dried  out  for  a  few  days,  the  lips  and 
ridges  in  the  concrete,  due  to  irregu- 
larities in  the  forms,  must  be  chipped 
off  with  chisel,  coarse  file  or  rasp. 
The  surface  should  then  be  wet  and 
rubbed  with  a  coarse  carborundum 
brick  until  it  is  fairly  smooth.  After 
tliis  apply  a  thin  wash  of  cement  and 
sand  and  allow  it  to  dry.  The  final 
rubbing  should  then  be  done  with  a 
fine  carborundum  stone  until  all  the 
cement  wash  lias  disappeared  and  the 
surface  is  of  the  desired  smoothness. 


Organizations 


American  Concrete  Institute,  ,Iohn  JI. 
Goodell,  .\otinfr  Secretary,  MIS  Walnut 
St.,  Philadelphia.  V.a.  CouvciiHoii,  Chi- 
cago,  Feb.    14-17. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  CUrk 
St.,  Chic<iu;o.  Convention,  Cliicago,  Feb. 
17-18. 

American  Highway  Association,  Chas. 
P.  Light,  Field  Secretary;  Colorado 
BIdg.,  Washington,  D.   C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  1.50  Nassau  St.. 
N.  Y.  C.  Convention,  Pittsburgh,  Feb. 
28-Mar.  3. 

Association  of  American  Portland  Ce- 
ment Manufacturers,  .T.  P.  Becl:,  Gen. 
M'gr..  Belle^iie  Court  Building,  Pliiladel- 
phia.  Pa. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago.  111.;  Robt  F. 
Hall,  Secy.,  Chicago  Cement  Show,  Coli- 
seum and  First  Infantry  Armory,  Feb. 
12-19,  1916. 

Mid  West  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Omaha. 
Neb.  Convention,  Omaha,  Mar.  1-4,  and 
Mid-West  Cement  Show,  Feb.  29-Mar.  4, 
1916. 

Second  National  Conference  on  Con- 
crete Road  Buildins:,  J.  P.  Beck,  Sec'v, 
208  So.  LaSalle  St'^,  Chicago.  Chicago, 
Feb.  15-18,  1916. 


Convention  of  the  ^imerican 
Concrete  Institute 

Announcement  is  made  of  the  an- 
nual convention  of  the  Am.  Concrete 
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Institute,  to  be  held  in  Chicago, 
Feb.  M  to  17,  inclusive.  This  is 
the  same  week  that  the  Cement 
Show,  Road  Conference  and  Am. 
Concrete  Pipe  Assn.  Convention  are 
held.  The  Institute's  directors  de- 
sire to  co-operate  as  completely  as 
possible  with  those  other  societies 
which  are  specializing  in  concrete 
work  and  for  this  reason  the  pro- 
gram has  not  been  definitely  settled. 

The  sessions  of  the  Institute  will 
be  held  in  the  morning  and  evening, 
and  it  is  expected  that  joint  ses- 
sions with  other  organizations  will 
be  arranged  for  some  of  the  after- 
noons. The  annual  banquet  will  be 
held  on  the  evening  of  Feb.  16. 

In  addition  to  important  commit- 
tee reports,  the  following  papers 
have  been  definitely  promised: 

C.  W.  Simpson,  "The  Construction  of 
the  New  Concrete  Viaducts  on  the  I/ack- 
awanna  Railroad;"  Earl  B.  Smith,  ''Tests 
of  Large  Size  Concrete  Slabs;"  P.  P. 
Furber,  "Requirements  of  building  Codes 
for  Columns  and  the  Desicnof  Columns;" 
W.  P.  .Anderson,  "Tlie  Design  of  Rein- 
forced Cx)ncrete  Building;"  Frank  Ras- 
cliig,  "Concrete  Viaducts;"  Maynard  & 
Baker.  "Concrete  on  the  Massachusetts 
.State  Farm;"  Ralph  A.  .Sherwin.  "Forms 
for  Concrete;"  Edward  D.  Royer,  ".Swim- 
ming Pools;"  Moore  iS:  Fuller,  "Tests 
.Showing  Continued  Deformation  Under 
Constant  Load;"  R.  D.  Stublis,  "Pave- 
ments;" H.  S.  Van  .-Vooyoo,  "The  Con- 
struction of  the  Toroiito^namilton  High- 
way bv  Day  Labor;"  Charles  Upham, 
"The  Construction  of  the  DuPont  Con- 
crete Boulevard;"  William  M.  .\cheson, 
"The  Essential  Features  for  the  Suc- 
cessful Construction  of  Concrete  High- 
ways;" Clifford  Richardson,  "Concrete 
Foundations  for  Ileavv  Traffic  Street 
Pavements;"  Charles  C.  Brown,  "How 
.Shall  a  Rational  Specification  for  Gravel 
Concrete  Be  Developed?"  D.  .\.  .'\brams, 
"Tests  of  Sands  for  Concrete;"  George 
.V.  Rankin.  "The  Nature  of  Portland 
Cement;"  J.  M.  Brauiie,  "Tests  of  Con- 
crete Materials  at  Cincinnati;"  W.  K. 
Hatt,  "The  Genesis  of  Reinforced  Con- 
crete Construction;"  Burtis  S.  Brown, 
"Recent  Tests  of  Reinforced  Concrete 
Columns;"  W.  W.  Horner,  "The  Design 
of  Plain  and  Reinforced  Conerete  .Sew- 
ers;" Coleman  Meriwether,  "The  Manu- 
facture and  Use  of  Reinforced  Concrete 
Pipe;"  J.  H.  Libberton.  "The  Durability 
of  Concrete  Pipe;"  Georire  Sampson, 
"The  Reinforced  Concrete  Water  Tower 
at  Middleboro,  Mass.;"  Lamar  Lyndon, 
"The  Design  and  Construction  of  the 
New  Dam  and  Reservoir  at  Austin, 
Tex.;"  Wilson  Fitch  Smith,  "Methods  of 
Construction  at  the  Kensico  Dam,  Cats- 
kill  Water  Supplv,  New  York  City;" 
Frank  H.  Fav.  "Concrete  Conduits  at 
Fall  River.  JIass.;"  Ridgway  &  Good- 
win, "Novel  Methods  of  Concrete  Con- 
struction on  the  New  Subways  in  New 
York;"  William  C.  Archer,  "The  Opera- 
tion of  the  New  York  Workmen's  Com- 
pensation Law  to  Date;"  H.  L.  Lew- 
man,  "An  Interpretation  of  the  New 
Standard  Building  Contract  Documents." 

In  addition  to  those  papers  defi- 
nitely promised,  others  have  been 
conditionally  promised. 


Some  Features  of  the  Cement 
Show 

A  tentative  outline  of  the  probable 
features  of  the  exhibit  of  the  27 
Portland  cement  companies  which 
are  making  a  joint  effort  to  produce 
something  of  considerable  education- 
al value  at  the  next  Chicago  Ce- 
ment show  is  as  follows: 

One  booth  is  to  show  achievements  in 
structural  concrete  by  means  probably 
of  transparencies  with  emphasis  on  the 
fire  at  the  Edison  plant  and  the  fire  at 
Salem.  This  same  liooth  will  probably 
contain  small  walls  of  concrete  or  good 
sized  specimens  on  tables  wliich  will  show 
results  olitained  by  rulibing  with  carbo- 
rundum block,  brusliing  or  .scrubbing 
wliile  green,  acid  washing  and  bush- 
liammering,  with  costs  of  the  various 
surface  finishes.  In  this  connection  it 
is  proposed  to  show  photographs  of  some 
notable  work  on  wliich  each  particular 
surface  treatment  was  used.  By  means 
of  an  automatically  operated  stereopti- 
con  it  is  proposed  to  show  pictures  of 
good  and  of  bad  building  practice.  An- 
other exhiliit  in  connection  with  tliis 
liooth  proliably  will  be  a  .section  of  bal- 
ustrade such  as  is  now  being  built  by 
the  South  Park  Commission  in  Chicago. 
It  is  also  proposed  to  .show  sills,  lintels 
and  decorative  cast  .stone  made  by  some 
of  the   foremost  manufacturers. 

In  another  booth  it  is  proposed  to 
show  concrete  road  building  develop- 
ments, this  exhibit  to  include  road  mod- 
els with  light  projectors  to  throw  pic- 
tures on  a  screen;  full-sized  sections  of 
concrete  streets  and  roads  and  alleys, 
with  special  emphasis  on  some  of  the 
construction  features;  a  chart  showing 
maintenance  methods  used  on  concrete 
roads  in  Illinois  and  in  Milwaukee  coun- 
ty. 

Still  another  will  be  devoted  to  the 
general  subject  of  good  concrete  and 
probably  will  show  a  sand  and  gravel 
washing  and  grading  machine,  made 
quarter-size,  which  will  be  operated  so  as 
to  show  the  benefit  of  using  proper  ag- 
greates  in  preference  to  pit-run  gravel 
and  dirty  materials.  There  will  be  sam- 
ples of  clean  materials  and  dirty  mate- 
rials on  hand,  with  records  of  tests  and 
specimens  made  from  the  dirty  and  from 
the  clean  material.  There  will  be  a 
graphic  demonstration  of  the  difference 
getween  1:2:4  concrete  and  1:2:6  con- 
crete. It  is  also  proposed  to  show  a 
testing  machine  and  every  hour  or  so  to 
break  several  good  and  several  bad  speci- 
mens. In  this  same  booth  methods  will 
be  shown  for  laying  and  curing  concrete 
floors  to  overcome  dusting. 

A  booth  will  be  devoted  to  good  exam- 
ples of  unit  construction  with  concrete 
block  from  several  manufacturers  who 
are  turning  out  a  high  grade  of  faced 
products.  In  general  it  is  proposed  to 
illustrate  all  of  the  principal  systems  of 
block  construction  and  in  addition  there 
will  be  a  series  of  home-made  wooden 
block  molds  used  merely  to  demonstrate 
methods  of  applying  facing  materials 
and  of  treating  surfaces  to  expose  ag- 
gregates. 

There  will  be  a  strong  appeal  to  the 
rural  contractor,  featuring  septic  tanks, 
drain  tiles,  sewer  pipes,  fence  posts  and 
silos.  There  will  be  photographs,  trans- 
parencies and  small  models. 

In  a  general  reception  booth  it  is  pro- 
posed   to    feature    a   map    with    electric 
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lights  to  designate  the  plants  of  various 
cement  manufacturing  companies.  In 
all  of  the  booths  and  in  connection  with 
the  decorations  there  will  be  concrete 
garden  furniture,  vases,  bird  baths,  sun 
dials,  etc.,  obtained  from  successful  man- 
ufacturers. There  will  probably  be  a 
motion  picture  booth  which  will  show  a 
number  of  films. 

These,  at  least,  are  part  of  the  features 
which  it  is  proposed  to  have  in  connec- 
tion with  the  joint  exhibit.  Not  all  are 
definitely  promised  but  if  some  of  them 
are  omitted  others  of  equal  value  will 
probably  be  substituted. 


Helderberg  Cement  Co.  and  Mr. 
Hardy  and  Mr.  Bro-ivn  are,  respec- 
tively, presidents  of  the  Dixie  Port- 
land Cement  Co.  and  Alpha  Portland 
Cement  Co.  Mr.  Ferguson  has  been 
connected  with  the  Association  for 
some  time  as  asst.  secy.  Mr.  Matthes 
is  treas.  of  the  Alpha  Portland  Ce- 
ment Co. 


Am.  Concrete  Pipe  Assn. 

Announcement  is  made  by  E.  S. 
Hanson,  Secy,  of  the  Am.  Concrete 
Pipe  Assn.,  that  the  development  of 
the  program  for  the  convention  of 
the  Association  to  be  held  in  Chicago 
Feb.  17  and  18,  1916,  promises  in- 
teresting and  instructive  features. 
Among  those  on  the  program  are  A. 
O.  Eberhart,  ex-gov.  of  Minnesota; 
Edmund  T.  Perkins,  formerly  with 
the  Reclamation  Service  and  now 
head  of  the  Edmund  T.  Perkins 
Engrg.  Co.,  Chicago,  specialists  in 
irrigation  and  drainage  work;  C.  M. 
Wood,  who  will  discuss  the  question. 
"Should  Manufacturers  Contract  for 
Laying  Their  Own  Pipe?"  and  G. 
E.  Warren,  who  will  discuss,  "Ad- 
vantages of  Big  Tile  Over  the  Open 
Ditch."  A  new  constitution  and  by- 
laws by  the  reorganization  commit- 
tee will  come  up  for  discussion  and 
vote. 


Assn.  of  Am.  Portland  Cem- 
ent Mfrs.  Elects  Officers 

At  the  annual  meeting  of  the 
Assn.  of  Am.  Portland  Cement 
Mfrs.,  held  in  N.  Y.  C.  on  Dec.  15, 
1915,  the  following  officers  were 
elected : 

Pres.,  B.  F.  Affleck;  1st  vice-pres., 

F.  W.  Kelley;  2nd  vice-pres.,  Rich- 
ard Hardy ;  gen.  mgr.,  J.  P.  Beck ; 
asst.   secy.,  L.   R.   Ferguson ;  treas., 

G.  S.  Brown;  asst.  treas.,  John  J. 
Matthes. 

Percy  H.  Wilson,  who  has  served 
as  secy,  for  a  number  of  years,  re- 
signed and  J.  P.  Beck  was  elected 
gen.  mgr.  of  the  Association.  The 
Association  unanimously  approved  of 
a  comprehensive  plan  for  enlarging 
the  activities  of  the  organization 
submitted  by  Mr.  Beck,  and  by  reso- 
lution the  Executive  Committee  was 
instructed  to  carrj'  into  operation  the 
proposals  in  the  report. 

Mr.  Affleck,  the  new  president,  is 
pres.  of  the  Universal  Portland  Ce- 
ment Co.;  Mr.  Kelley  is  pres.  of  the 
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Am.  Road  Builders  'Assn. 

Announcement  is  made  that  the 
13th  annual  convention  of  the  Am. 
Road  Builders'  Assn.  will  be  held 
in  Pittsburgh  the  week  of  Feb.  28, 
closing  Mar.  3  instead  of  the  week 
of  Feb.  22,  as  previously  announced. 
One  of  the  reasons  for  making  the 
change  is  the  necessity  for  altera- 
tions in  Mechanical  Hall,  where  the 
exhibit  and  convention  will  be  held. 


The  Building  Data  League 

A  new  technical  society  known  as 
the  Building  Data  League,  has  been 
recently  incorporated  in  New  York. 
The  purposes  of  this  league  are  en- 
tirely different  from  those  of  most 
technical  societies,  the  object  being 
to  provide  systematic  ratings  for 
building  and  construction  materials. 

The  work  being  done  by  this  as- 
sociation is  somewhat  along  the  lines 
of  the  Underwriters'  Laboratory  and 
the  Bur.  of  Standards,  but  will  be 
limited  to  building  materials  and  ap- 
purtenances. Both  new  and  some- 
what standardized  materials  will  be 
subjected  to  impartial  tests  by  the 
Building  Data  Co.,  a  corporation 
connected  with  the  League,  the  ex- 
pense of  tests  to  be  borne  by  the 
manufacturer.  A  report  will  be  ren- 
dered impartially  upon  the  findings 
of  the  investigating  board.  These 
findings  will  be  published  in  bulletin 
and  in  circular  form  and  supplied  to 
each  member.  The  membership  of 
the  League  is  already  considerable, 
and  is  recruited  mainly  from  archi- 
tects and  engineers.  The  organiza- 
tion has  offices  at  10,5  West  40th  St., 
X.  Y.  C.  where  further  information 
can  be  obtained. 


Emley  of  the  Bureau.  The  advisory 
committee,  representing  the  cement 
and  the  lime  industrys,  the  engi- 
neers, and  the  contractors,  is  made 
up  of  Nathan  C.  Johnson,  N.  Y.  C. ; 
Alfred  H.  White,  University  of 
Michigan;  S.  C.  Potts,  Pennsylvania 
Railroad  System,  Altoona,  Pa.;  Dr. 
J.  N.  Mackall,  of  the  Maryland 
State  Highway  Commission,  Balti- 
more, Md. ;  W.  A.  Mclntyre  of  the 
Assn.  of  Am.  Portland  Cement 
Mfrs.:  Ernest  Ashton,  of  the  Le- 
high Portland  Cement  Co.;  E.  D. 
Boyer.  of  the  Atlas  Portland  Cement 
Co. ;  W.  M.  Kinney,  Universal  Port- 
land Cement  Co.;  W.  E.  Carson, 
Pres.  Lime  Mfrs.  Assn.;  Lawrence 
Hitchcock,  chairman  of  the  Execu- 
tive Committee  of  the  Hydrated  Lime 
Bureau,  and  N.  C.  Hough,  manager 
of  the  Hydrated  Lime  Bureau;  the 
James  L.  Stewart  Construction  Co., 
Pittsburgh:  W.  L.  Prettyman,  Pres. 
of  the  Concrete  Construction  Co., 
Philadelphia,  and  H.  L.  Smith,  gen- 
eral Manager  of  the  Turner  Con- 
struction Co.,  N.  Y.  C.  The  tests 
as  outlined  include  determination  of 
compressive  strength,  expansion,  re- 
inforcement, permeability,  action  of 
sea  water,  the  hydration  of  cement, 
absorption,  segregation,  abrasion 
and  adhesion  of  cement  to  reinforce- 
ment. Specimens  to  which  varying 
proportions  of  hydrated  lime  have 
Iseen  added,  up  to  5  yrs.  of  age, 
will  be  tested. 


To  Test  Hijdratcd  Lime  in 
Concrete 

The  U.  S.  Bur.  of  Standards  is  to 
undertake  tests  to  determine  the  val- 
ue of  hydrated  lime  in  concrete  mix- 
tures for  various  purposs.  The  work 
will  be  in  charge  of  a  committee 
selected  bv  P.  H.  Bates  and  W.  E. 


.Im.  Road  Builders'  Assn. 
Suggests  Joint  Convention 

At  a  special  meeting  of  the  Am. 
Road  Builders'  Assn.,  Dec.  16,  1915, 
resolutions  were  adopted  inviting  the 
Am.  Highway  Assn.  to  hold  its  an- 
nual convention  at  Pittsburgh,  be- 
ginning Feb.  28,  1916.  These  are 
the  place  and  date  selected  by  the 
Am.  Road  Builders'  Assn.  for  its 
annual  convention. 

This  arrangement  would  be  of 
great  advantage,  not  only  to  high- 
way officials,  but  also  to  those  who 
wish  to  conduct  exhibits  in  connec- 
tion with  these  conventions. 

The  suggestion  is  offered  that  the 
two  organizations  co-operate  to  se- 
cure papers  which  shall  avoid  dupli- 
cation of  subjects  and  in  other  ways 
to  produce  a  program  of  maximum 
value  to  members  of  both  Associa- 
tions. 

It  is  lioped  that  this  plan  will  be 
accepted  by  the  Am.  Highway  Assn. 
and  be  found  satisfactory,  not  only 
for  1916.  but  for  subsequent  meet- 
ings which,  it  is  suggested,  may  be 
held  under   alternate  control. 
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New  Equipment,    Methods  and  Materials  : 

New  Tools  with  Whicli  the  Industry  Works  n  n 


This  magazine  will  not  publish  "reading  notices,"  so-called,  for  the  benefit  of  advertisers. 
These  pages  are  edited  for  the  Reader,  as  are  all  other  pages  in  "Concrete."  Manufacturer! 
are  constantli/  producing  neiv  and  better  methods  and  developing  old  methods,  materials  and 
machines.  The  progress  of  the  concrete  field  is  measured  by  the  development  of  its  tools.  All 
developments  along  these  lines  are  of  real  interest  and  importance  to  men  who  zvant  to  inu- 
prove  the  quality  of  their  ivork,  decrease  its  cost,  increase  its  quantity.  This  department  i* 
for  just  that  kind  of  Editorial  material.  We,  therefore,  welcome  detailed  announcement* 
which  will  be  of  practical  value  to  Readers.  Under  no  circumstances  will  this  magazine  pub- 
lish any  announcement  simply  because  an  advertiser  asks  it,  nor  refuse  publication  because  a 
non-advertiser  asks  it.  Material  must  carry  information  of  real  consequence  to  the  reader.  All 
material  will  be  edited  on  that  basis  regardless  of  the  source  from  which  it  comes. — Tm 
Editors. 


A  Level  That  "Talks" 

New  Level  Shmcs  Grades 

An  indicating  level'  that  should  be 
of  especial  value  to  concrete  workers 
is  illustrated. 

It  will  be  noted  that  the  vial  and 
bubble  have  been  replaced  by  a  hol- 
low glass  disk  partially  filled  with 
red  liquid. 

The  glass  is  protected  by  a  grad- 
uated brass  plate  which  shows  di- 
rectly and  accurately  the  amount  a 
piece  of  work  is  out  of  level. 

For  sidewalk  and  other  graded 
work,  as  well  as  for  general  pur- 
poses, this  feature  is  valuable.  The 
level  is  made  in  a  range  of  sizes  to 
suit  all  needs. 


Steel  Plates  for  Tunnel 
Lining 

Steel  plates'"  of  special  design 
have  recently  come  into  use  to  take 
the  place  of  timbering  in  tunnels. 
The  plates  are  stamped  to  form  a 
segment  of  the  required  circle  and 
provided  with  a  flange  which  acts 
as  a  stiifener  and  also  provides 
means  of  bolting  the  units  together. 


'Toledo  Indicating  Level  Co.,  Toledo,   Ohio 
"Blaw  Steel  Const.  Co.,  Pittsburgh 
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Tl-xn-el  Lined  with  Steel  Plates 

Tlie  illustration  conveys  a  good  idea 
of  their  appearance  in  use.  The 
tunnel  forms  are  placed  inside  of 
this  steel  shell  and  the  intervening 
space  filled  with  concrete. 


The  Oshkosh  Backfiller 

ing  which  enables  it  to  work  readily 
over  rough  ground. 

The  truck  and  winch  are  driven 
by  a  6-h.  p.  Novo*  engine,  so  that 
the  machine  is  placed  or  moved  un- 
der its  own  power.  The  engine  and 
the  winch  are  mounted  so  as  to 
allow  a  pull  at  any  angle  without 
crowding  the  cable  or  piling  it  up 
on  the  drum.  The  cable  speed  is 
125'  per  min. 


The  Oshkosh  Backfiller 

The  Oshkosh  Backfiller,'  while  de- 
signed for  backfilling,  can  be  used 
for  any  purpose  where  a  team  with 
plow  and  scraper  would  be  used  to 
move  dirt. 

It  can  also  be  used  for  hauling 
timber  and  steel  on  the  job  for 
boosting  wagons  and  in  connection 
with  a  derrick  or  emergency  rig  for 
hoisting  purposes. 

The  equipment  consists  of  a 
powerful  winch  on  a  3-point  mount- 

■Oshkosh  Mfg.  Co.,  Oshkosh,  "Wis. 


A  Simple  Apparatus  Raises 
Side  of  Concrete  House 

Readers  of  Concrete  have  noted 
from  time  to  time  descriptions  of 
buildings  which  have  been  erected  in 
large  pre-cast  sections.  One  of  the 
latest  developments  in  this  direction 
has  been  worked  out  by  Rollin  C. 
Ogburn,'  under  the  name  of  the 
Economy  system. 


'Des  Moines,  la. 
'Novo  Engine  Co., 


Lansing,  Mich. 
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Fig.  1 — Erectixc;  Machine 

Mr.  Ogburn  has  worked  out  a 
number  of  ingenious  and  economical 
methods  which  give  promise  of  a 
successful  future. 

In  Fig.  1,  is  shown  a  machine 
which  is  the  key  to  the  whole  system, 
as  it  readily  enables  two  or  three 
men  to  lift  and  place  these  large 
concrete  units,  which  are  a  story  in 
height  and  from  10'  to  20'  in  length. 
A  study  of  this  and  the  succeeding 
views  will  show  that  the  concrete 
slabs  are  cast  on  a  temporary  plat- 
form raised  on  trestles.  On  this 
platform  are  placed  the  window  and 
the  door  frames  and  also  cores 
which  greatly  lighten  and  serve  to 
air-space  the  wall.  A  special  core 
of  plaster  has  been  economically 
Morked  out,  one  of  which  is  shown 
in  Fig.  7.  With  frames  and  cores 
in  place,  the  reinforcing  is  next  posi- 
tioned, consisting  of  rods  in  the 
beam  members  and  wire  mesh  for 
the  panels.  This  stage  of  the  opera- 
tion is  well  shown  in  Fig.  3. 

The  concrete  having  hardened  suf- 
ficiently, the  machine  is  slid  into 
place  under  the  forms  as  in  Fig.  2, 
then  by  means  of  tilting  arrange- 
ments and  suitable  backstays  the  slab 
is  swung  into  the  position  shown  in 
Fig.  4.  Two  arms  are  then  brought 
into  play  which  slide  on  tracks  and 
bj'  means  of  a  winch  the  slabs  are 
forced  to  an  upright  position.  A 
rather  simple  cam  arrangement  at 
the  bottom  of  the  machine  provides 
for  final  exact  placing  of  the  slab. 
This  allows  the  slab  to  be  worked 
backward  or  forward  or  raised  and 
lowered  repeatedly  until  perfectly 
bedded  in  its  exact  position.  The 
whole  operation  is  under  perfect 
control    of    the    operators.       Fig.    5 


Fig.  S — Finished  House 


Figs.    2-6 — Progressive   Stages   in    Mak- 
ing AND  Raising  Concrete  Slab 


shows  the  slabs  as  seen  from  the  in- 
terior of  the  building,  with  furring 
strips  in  place  for  nailing  lath  and 
the  open  appearance  caused  by  the 
cores.  In  Fig.  6  is  seen  the  exterior 
view  of  the  same  slab. 


The  plaster  cores  used  are  cast 
by  the  contractor  on  the  job  or  at 
odd  times  and  are  said  to  be  very 
inexpensive  and  a  great  improve- 
ment over  the  wooden  forms  which 
were  first  used  with  this  system.  A 
number  of  houses  have  been  built  by 
this  system,  one  of  which  is  illus- 
trated. The  whole  operation  has  re- 
sulted in  attractive  and  very  econom- 
ical buildings. 


A  Small  Gravel  Washing 
Plant 

The  City  of  Milwaukee  is  situated 
in  a  glacial  district,  plentifully  sup- 
plied with  gravel  pits.  Some  lime- 
stone is  also  available.  After  trying 
both  materials,  the  Wisconsin  High- 
way Commission  has  issued  specifi- 
cations as  follows: 

Coarse  Aggregate. — The  coarse  aggre- 
gate shall  consist  of  clean,  hard,  sound 
flint,  or  other  hard  siliceous  pebbles, 
having  a  reasonably  uniform  graduation 
from  a  size  which  will  pass  through  a 
ly,-in.  round  screen  to  a  size  that  is 
retained  on  a  %-in.  screen,  and  no  gravel 
composed  in  part  of  slate,  shale  or  dis- 
integrated stone  may  be  used.  Crushed 
granite,  quartzite,  limestone  or  trap  rock, 
graded  to  the  size  specified  above,  may 
he  used  upon  the  approval  of  the  Engi- 
neer. In  no  case  will  coarse  aggregate 
be  approved  which  has  a  French  coeffici- 
ent of  wear  of  less  than  10,  and  none 
having  any  dimension  greater  than  2" 
will  be  allowed  to  be  used.  The  right 
is  reserved  to  reject  for  cause  any  or 
all  stone  or  gravel  delivered  on  the 
work. 

Fine  Aggregate. — The  fine  aggregate 
shall  consist  of  clean,  sharp  grains  of 
silica  or  hard  silica  rocks,  and  shall  not 
contain  over  3%  of  clay  or  loam.  The 
fine  aggregate  shall  have  a  reasonably 
uniform  graduation  from  a  size  which 
will  pass  through  a  %,-in.  screen  down. 
Sand  containing  an  appreciable  percent- 
age of  flat  flakes  shall  not  l^e  used.  Fine 
aggregate  other  than  the  above  may  be 
used  only  upon  tlie  written  approval  of 
the    Engineer. 

Pit-Run  Gravel — Pit-run  gravel  shall 
not  be  used  except  when  screened  to 
the  above  two  sizes  and  delivered  separ- 
ately on  the  road.  Aggregate  containing 
lumps  of  clay  or  frozen  material  shall 
not  be  used. 

As  the  county  is  building  43  mi. 
of  one-course  concrete  road  in  1915. 
there  is  .a  considerable  demand  for 
material  complying  with  the  county 
specifications.  Quite  a  number  of 
big  gravel  washing  plants  have  been 
established     at    different     points     in 
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)i    ('■UAVi:i,  Washing    I'i.vsi':    Hiss    Disciiaiigk   to  Wagons  on- 


Milwaukee  and  in  Waukesha  County, 
in  order  to  meet  this  demand.  A 
number  of  small  plants  have  also 
been  started,  to  supply  the  demand 
at  isolated  points.  One  of  the  most 
interesting;  of  these  enterprises  is  a 
small  plant  creeted  by  E.  E.  Cain, 
Wauwatosa,  Wis.  The  illustration 
shows  the  general  construction  of 
Mr.  Cain's  plant.  No  crusher  was 
installed,  as  there  were  few  big  boul- 
ders in  the  pit.  All  over-size  stones 
are  wasted. 

The  bin  has  a  capacity  of  30  cu. 
yds.  As'  it  seemed  probable  that  the 
plant  would  be  moved  to  another  lo- 
cation within  a  year  or  so,  a  special 
take-down  bin  was  used.  All  tim- 
bers are  bolted  together,  with  a  view 
to  dismantling  and  re-erecting  the 
bin  at  a  low  figure.  Power  is  sup- 
plied by  a  steam  tractor.  A  steam 
pump  furnishes  the  water  supply, 
steam  being  obtained  from  the  trac- 
tor. The  elevator  is  of  the  usual 
back-geared  belt  type,  with  13-in. 
buckets.  Bucket  speed  is  approxi- 
mately 172'  per  min.  The  screen  is 
32"  in  diam.  by  12'  long.  The 
screening  cylinder  is  made  "blind," 
for  the  first  3',  to  serve  as  a  washer. 
This  section  is  equipped  with  angles 
to  lift  and  pour  the  material.  Two 
retarding  rings  are  put  in  the-wash- 
ing  section,  to  prevent  the  material 
from  passing  too  rapidly.  The  bal- 
ance of  the  main  screening  cylinder 
is  punched  with  l^o-in.  holes.  Seven 
feet  of  the  main  screen  are  enclosed 
by  an  outer  packet  of  steel  wire,  3- 
mesh.  No.  10  wire,  this  jacket  screen- 
ing out  the  sand. 

The  sand  and  water  passing  this 
outer  jacket  go  to  the  settling  tank, 
which  is  a  wedge-shaped  hopper, 
pivoted  on  a  knife-edge  and  counter- 
weighted.  The  center  of  gravity  in 
this  hopper  is  so  arranged  that  when 
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full  of  water  it  w-ill  remain  upright; 
but  when  a  considerable  amount  of 
sand  is  accumulated,  it  will  tip,  per- 
mitting the  sand  to  drain  off  through 
a  hole  in  the  bottom  ,of  the  tank. 

A  plant  of  this  character  has  a 
capacity  of  approximately  20  yds. 
of  clean  washed  gravel  per  da.  The 
rules  of  the  Milwaukee  County  High- 
way Commission  arc  very  strict  and 
it  is  necessary  to  wash  the  material 
very  thoroughly.  The  plant  was  de- 
signed with  this  in  view  and  the  ma- 
terial produced  is  passing  inspec- 
tion. 

A  plant  of  this  character  will 
cost'  about  as  follows: 

1  No.  .1  single  chain  elevator,  -l.l-ft. 
centers,  with  covmtershaft  and  driv- 
ing  pulley    $    340.00 

1  steel  lining  for  washing  hopper  at 
elevator  head    15.00 

1  lelsmith  heavy  duty  screen,  32" 
diam.  x  12'  long,  including  3-ft. 
scrubbing  section  with  bafBe  plates 
and   7-ft.  steel  wire  dust  jacket. . .      360.00 

1  set  of  chute   linings 40.00 

I  settling   tank   63.00 

Sprocket  chain,  for  drive  from  coiin- 
tershaft  to  head  .shaft,  and  from 
elevator  head  shaft  to  screen,  in- 
cluding sprocket  and  outboard 
bearing  on   head   shaft 25.00 

1  20-h.  p.  electric  motor,  or  twin- 
cvlindcr  gas  engine,  approximate 
only    400.00 

1  belt  from  power  plant  to  elevator, 
about    50'    24.00 

1  centrifugal  pump,  including  pipe, 
etc.,  about  200  r.  p.  m 115.00 

1  extra    pulley  on   countershaft   with 

40-ft.   belt  to   drive  pump,   about. .        25.00 

2  chute  bin  gates,  12"  x  14" 20.00 

1  special    bin    gate,    12"    x    14",    for 

sand  bin   13.00 

Hardware  for  30-ton  take-down  bin.  100.00 
Lumber,    about    6,500    ft.,    B.    M.,    @ 

about  3V2  ets.  per  ft 227.50 

Concrete,  about  14  cu.  yds.  for  foun- 
dation   piers    and    elevator   pit,    (S 

$9.00  per  cu.   yd. 126.00 

Erecting    300.00 

Tot.il     $2,191.50 

The  above  estimate  does  not  in- 
clude cost  of  digging  a  well,  it  be- 
ing assumed  that  city  pressure  or  a 
natural  stream  is  available  within  a 
short  distance. 


'Estimate  by   T.   L.   Smith  Co..   Milwaukee, 
1  equipment  installed  for  this  plant 


Company  Formetl  to  Estal>- 
.     lish  Plants  to  Make 
Eberling  Tile 

Cleveland  capitalists  have  pur- 
chased the  interests  of  the  Eberling 
Cement  Machj-.  Co.,  on  whose 
equipment  the  Eberling  concrete 
structural  tile  are  made,  and  the  in- 
terests of  the  Delta  Brick  &  Tile 
Co.,  Detroit,  which  owned  a  plant 
ni  Detroit  manufacturing  Eberling 
tile  on  a  commercial  basis.  A  new 
company  has  been  formed,  capital- 
ized at  $250,000,  under  the  style  of 
the  Eberling  Maehy.  Co.,  for  de- 
veloping the  equipment  manufac- 
tured bj'  the  company  and  establish- 
ing local  plants  at  different  points 
for  the  manufacture  of  the  tile.  S. 
H.  Wightman  is  gen,  mgr.  of  the 
new  company. 


Concrete  House  Should  Win 
This 

An  architectural  comijctition  of 
the  most  practical  kind  will  be  held 
in  connection  with  the  first  Ameri- 
can Complete  Building  Show,  in 
Cleveland,  Feb.  l6  to  26,  under  the 
direction  of  the  Cleveland  Chapter, 
A.  I.  A.,  in  co-operation  with  the 
Chamber  of  Commerce,  Cleveland 
Art  Assn.,  Builders'  Exchange,  So- 
ciety Advocating  I'ite  Elimination, 
and  other  civic  bodies. 

The  competition  is  for  a  working- 
man's  home  to  cost  not  more  than 
$3,000  complete,  exclusive  of  land 
and  embellishments.  There  are 
seven  prizes,  the  first  being  $200. 
The  contest  is  open  to  all  materials. 

Rules  of  the  competition  call  for 
six  rooms,  with  basement  under  en- 
tire house.  It  is  the  aim  of  the  com- 
mittee to  obtain  designs  that  are  in 
every  way  practical ;  and  awards  will 
be  made  upon  this  basis.  All  draw- 
ings must  be  in  by  Feb.  1. 

Instructions  regarding  the  contest 
may  be  had  by  applying  to  The 
Complete  Building  Show  Co.,  356 
Leader-News  Bldg.,  Cleveland,  Ohio. 


Trade  Publications     u 

The  James  Way— The  James  Mfg. 
Co.,  Fort  Atkinson,  Wis.,  board,  7"  x 
10",  256  pp.,  two  colors,  illust.  This  is 
a  vahiable  book  for  the  farm  contractor, 
published  in  the  interests  of  James  farm 
equipment.  In  addition  to  being  a  cata- 
log of  this  line  of  goods,  the  book  con- 
tains a  number  of  barn  plans  and  de- 
tails that  should  be  of  great  help  to 
builders. 

Cuts  Culvert  Cost  to  the  Last  Cent— 
The    Whalen    Form,    Syracuse,    N.    Y.. 
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paper,  5"  x  8",  two  colors,  illust.  This 
effective  catalog,  in  addition  to  describ- 
ing Whalen  culvert  forms,  gives  valuable 
cost  data  on  culvert  construction  taken 
from  the  report  sheet  of  highway  super- 
intendents. The  cost  sheet,  both  of  con- 
crete culvert  and  metal  culvert,  are 
given  in  facsimile  and  the  data  pre- 
sented should  result  in  the  building  of 
many  concrete  culverts. 

Medusa  Waterproof  White  Portland 
Cement — Sandusky  Portland  Cement  Co  , 
Cleveland,  Ohio,  paper,  6"  x  9",  32  pp., 
illust.  This  attractive  booklet  presents 
the  merits  of  waterproof  white  cement 
for  stucco  work  and  includes  a  very 
complete  set  of  specifications  which  can- 
not fail  to  be  of  value  to  stucco  work- 
ers. In  addition  to  this  there  are  numer- 
ous suggestions  for  the  use  of  white 
cement  in  the  manufacture  of  ornamen- 
tal products  and  many  buildings  are  il- 
lustrated which  should  serve  as  an  in- 
spiration for  those  doing  similar  work. 

Specify  Pullman  Unit  Sash  Balances 
—Pullman  Mfg.  Co.,  Rochester,  N.  Y., 
specification  style,  8"  x  11",  8  pp.,  illust. 
This  unique  publication  describes  the 
Pullman  unit  sash  balance  and  its  ad- 
vantages claimed  over  other  methods  of 
balancing  windows.  A  point  of  especial 
interest  is  a  metal  housing  which  is  pro- 
vided for  use  in  connection  with  con- 
crete buildings  which  does  away  with 
any  annoyance  in  providing  suitable 
sockets  for  the  sash  balance.  Attached 
to  the  booklet  is  a  blue  print  giving  win- 
dow frame  details  and  infoi-mation  ne- 
cessary for  the  manufacture  of  suitable 
frames  for  use  with  these  balances. 

Bostwick— The  Bostwick  Steel  Lath 
Co.,  Niles,  Ohio,  paper,  9"  x  11  y2",  26 
pp.,  illust.  This  is  a  booklet  of  striking 
and  unusual  design.  The  cover  is  an 
embossed  two-color  reproduction  of  Bost- 
wick truss-loop  metal  lath.  The  catalog 
describes  and  illustrates  the  use  of  Bost- 
wick sheet  metal  products  very  clearly 
and  with  unusual  detail. 

Mosaic  Floors — National  Mosaic  Floor- 
ing Co.,  Mobile,  Ala.,  paper,  6"  x  8%"j 
loose-leaf,  illust.  in  colors.  This  catalog 
shows  about  100  patterns  of  colored  con- 
crete tile,  which  are  made  under  the 
name  of  Adamantile.  Full  information 
is  given  as  to  quantities  needed  and 
methods  of  laying. 

Cement  Workers'  Tools — Buffum  Tool 
Co.,  Louisiana,  Mo.,  paper,  7"  x  10",  24 
pp.,  two  colors,  illust.  An  attractive 
catalog  showing  a  full  line  of  cement 
workers'  finish  tools. 

G-F  Steel-Tile — An  Economical  System 
of  Floor  Construction — General  Fire- 
proofing  Co.,  Youngstown,  Ohio,  paper, 
61/2"  X  91/2".  32  pp.,  illust.  This  catalog 
is  published  primarily  to  describe  the 
steel-tile  floor  system,  which  consists  of 
special  non-removable,  light  sheet  steel 
forms  manufactured  by  this  company. 

The  book  has  been  planned  along  the 
lines  of  a  broad-gauge  publicity  with 
the  idea  of  being  much  more  than  a 
catalog.  It  is,  in  fact,  a  book  of  infor- 
mation for  the  designer  of  concrete 
floors.  It  contains:  a  description  of 
G-F  steel-tile,  well  illustrated;  specifica- 
tions for  reinforced  concrete  floors  con- 
structed under  this  system,  with  sketches 
.showing  the  necessary  form  support  and 
t^-pical  details;  a  series  of  tables,  giving 
safe  live  loads  in  lbs.  per  sq.  ft.  for  16 
combinations  of  beam  and  floor  slab 
depth,  with  proper  reinforcing  given  in 
all  cases;  data  as  to  the  quantities  of 
material  required  and  the  properties  of 
steel-tile   floors;   formulas   on   which   the 
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tables  are  based;  examples  of  typical 
floor  constructions,  worked  out  in  de- 
tail; miscellaneous  tables,  including 
weights  of  various  commodities  for  re- 
ference in  figuring  floor  loads,  tables  of 
v.'ooden  members  used  in  mill  construc- 
tion which  make  data  available  for  fig- 
uring comparative  designs;  tables  show- 
ing the  weight  and  area  of  reinforcing 
bars  and  the  quantities  of  concrete  re- 
quired for  typical  beams  and  floor  slabs 
are  also  given,  as  is  a  table  showing  the 
quantities  of  material  per  cu.  yd.  of 
concrete.  Aside  from  the  value  of  this 
publication  as  a  catalog,  it  is  well  worth 
while  as  a  reference  work  in  convenient 
form. 

Handling  Sand  and  Gravel  with  the 
Hayward  Bucket — The  Hayward  Co.,  N. 
Y.  C,  paper,  6"  x  9",  16  pp.,  two  colors, 
illust.  This  catalog  is  devoted  to  the  use 
of  Hayward  clam  shell  and  orange  peel 
buckets,  with  special  reference  to  the 
problems  involved  in  handling  sand  and 
gravel.  A  very  large  number  of  illus- 
trations give  an  unusually  good  idea  of 
various  methods  available  for  this  ser- 
vice. 


Current  Prices  —  Con- 
crete Materials  □ 


Portland  Cement — There  has  been  prac- 
tically no  increase  in  cement  prices  dur- 
ing the  past  month.  Prices  given  are 
f.  o.  b.  cars  at  points  named,  including 
cloth  sacks,  for  which,  in  general,  40  cts. 
per  bbl.  (5  sacks)  is  refunded  on  return 
in  good  condition.  Prices  per  bbl.  (in- 
cluding 4  cloth  sacks)  are  as  follows: 
Boston.  $1.82;  New  York,  .$1.67;  Chicago, 
.$1.71;  Pittsburgh,  $1.71;  Cleveland,  $1.85; 
Detroit,  $1.80;  Indianapolis,  $1.84;  To- 
ledo, $1.84;  M'ilwaukee,  $1.88;  Minneap- 
olis and  St.  Paul,  $1.98;  Duluth,  $1.96; 
Peoria,  $1.79;  Cedar  Rapids,  $1.90;  Dav- 
enport, $1.80;  Toronto,  $1.90;  Montreal, 
$3.00;  Winnipeg,  $3.60;  Vancouver,  $2.75; 
Spokane,  $3.35;  Seattle,  $3.40;  Portland, 
Ore.,  $3.40;  Tacoma,  $3.40. 

Cnished  Stone — Xy^-'m.  stone,  prices  per 
cu.  yd.,  f.o.b.  cars  in  carload  lots,  unless 
otherwise  specified.  New  York,  80  cts. 
to  90  cts.,  in  full  cargo  lots  at  the  docks; 
Chicago,  $1.15;  Winnipea;,  $2.75;  Van- 
couver. $1.50;  Spokane,  $1.00;  Portland, 
Ore.,  $1.15;  Seattle,  $1.50. 

Gravel — Prices  given  are  per  cu.  yd. 
f.o.b.  cars  in  carload  lots  unless  other- 
wise noted.  New  York,  80  cts.  in  full 
cargo  lots  at  docks;  Chicago,  $1.15; 
Winnipeg,  $1.85;  Vancouver,  $1.25;  Spo- 
kane, $1.00;  Portland,  Ore.,  85  cts.; 
Seattle,  75  cts.;  Tacoma,  75  cts. 

Sand — Prices  are  per  cu.  yd.  f.  o.  b. 
cars  in  carload  lots  unless  otherwise  in- 
dicated. New  York,  45  cts.,  full  cargo 
at  docks;  Chicago,  $1.15;  Winnipeg, 
$1.85;  Vancouver.  $1.00;  Spokane.  $1.00; 
Seattle,  75  cts.;  Portland,  Ore.,  85  cts.; 
Tacoma,  75  cts. 

Reinforcing  Bars — The  demand  for 
large  size  bars  for  munition  manufac- 
ture continues  and  reinforcing  bars  are 
becoming  a  very  scarce  and  highly  prized 
article.  At  the  present  time,  with  de- 
liveries booked  for  6  mos.  to  7  mos.  in 
advance,  it  is  difficult  to  see  how  much 
early  spring  construction  can  be  done 
unless  the  orders  have  been  placed  some 
time  back.  The  condition  is  alarming 
from  the  standpoint  of  the  engineer, 
architect   and   contractor   as  well   as  the 


builder,  and  orders  should  be  placed  for 
steel  at  once  where  work  is  contemplated 
for  this  year.  At  the  present  time  prac- 
tically all  business  is  being  taken  on  a 
basis  of  $1.80  per  cwt.,  Pittsburgh,  with 
prevailing  extras  for  bars  under  %"  or 
base,  and  for  delivery  in  6  mos.  to  7 
mos.,  except  in  special  cases.  The  fol- 
lowing are  quotations  on  base  bars  per 
100  lbs.,  for  mill  shipments  from  other 
points,  f.  0.  b.  cars:  New  York,  $1,969; 
Philadelphia,  $1,959;  Chicago,  $1,982; 
Spokane.  $3.85;  Portland.  Ore.,  $3.50; 
Seattle,  $3.50;  Tacoma,  $2.50. 

Shipments  from  stock  are  being  made 
at  the  following  prices  per  cwt.  f.  o.  b. 
New  York,  $3.45;  Buffalo,  $3.45;  Cincin- 
nati, $3.45;  Cleveland,  $3.50;  St.  Louis, 
$3.35;  Chicago,  $2.20;  St.  Paul,  $2.30; 
Toronto,  $2.50;  Winnipec:,  $2.45;  Van- 
couver, .$2.90;  Spokane,  $3.45;  Portland, 
Ore.,  $3.15;  Tacoma,  $3.15;  Seattle,  $3.15. 

Metal  Clips  for  Supporting  Bars — 
$4.50  to  $6.50  per  1,000,  depending  on 
size. 

For  the  majority  of  the  prices  given 
we  are  indebted  to  the  Universal  Port- 
land Cement  Co.,  Concrete  Steel  Co., 
Sandusky  Portland  Cement  Co.,  Ameri- 
can Sand  &  Gravel  Co.,  Chicago,  and  F. 
T.  Crowe  &  Co.,  Seattle,  Portland,  Spo- 
kane and  Tacoma. 

Reinforcing  bars  for  miU  shipments  are 
in  general  sold  on  a  Pittsburgh  basis: 
that  is.  at  the  Pittsburgh  quotation  plus 
the  freight  to  the  point  in  question,  and 
with  the  following  list  of  freight  rates 
on  finished  material  and  the  Pittsburgh 
quotation  given,  the  price  of  bars  at  any 
of  the  points  listed  can  be  readily  com- 
puted. 

From  Pittsburgh,  carloads,  per  100  lbs. 
to: 

Albany  16.9  cts. 

New   York    16.9     " 

Philadelphia     15.9     " 

Baltimore    15.4     " 

Boston    18.9     " 

Buffalo    11.6.     " 

Cleveland     10.5     " 

Birmingham    45        " 

Cincinnati    15.8     " 

Chicago    18.9     " 

Denver    68.6     " 

St.    Louis    23.6    " 

New    Orleans     30       " 

Minneapolis     32.9     " 

Indianapolis    17.9     " 

Kansas    City    43.6     " 

Omaha    43.6     " 

Pacific  Coast  Points   (Rail) 73.9    " 

Now  that  the  Panama  Canal  has  been 
opened  to  traffic  ocean  freight  rates  on 
reinforcing  bars  to  Pacific  Coast  points 
have  been  established  which  materially 
lower  the  delivered  cost  of  bars  from  the 
east.  The  rates  per  100  lbs.  to  Pacific 
Coast  points  for  large  lots  are.  From 
Pittsburgh,  61.9  cts.;  Chicago,  76.5  cts.; 
Youngstown,  61.9  cts.;  New  York,  40 
cts.;  Bethlehem,  52.9  cts. 


Concrete  safes  are  being  used  as 
substitutes  for  the  ordinary  steel 
safes.  AVhile  perhaps  not  burglar 
proof,  they  are  .fire-proof  and  are 
certainly  available  for  safe-keeping 
of  valuable  papers  or  for  filing  cabi- 
nets for  mail  and  other  documents  in 
offices  of  eommercial  houses.  The  fire 
at  the  Edison  plant  at  East  Orange, 
N.  J.,  demonstrated  the  feasibility  of 
the  concrete  safe. 
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Silos,  Sewers  and  "Pnpinrdiiess" 

npIIE  silo  builder,  the  pipe  inamif.-icturer  and 
every  other  concrete  contractor  and  manufac- 
turer has  two  main  lines  of  work — not  merely 
doing  a  good  job,  but  gelling  a  job  to  do.  He 
must  be  a  salesman.  Before  his  practical  knowl- 
edge of  constructing  or  manufacturing  is  tried  out, 
he  must  "get  across"  to  tile  public  a  feeling  of 
confidence  in  the  thing  he  proposes  to  make  or 
build.  The  best  ammunition  for  a  salesman  is 
knowledge  of  what  he  lias  to  sell.  All  of  this  is 
in  the  way  of  pointing  out  to  silo  contractors  and 
to  sewer  contractors  and  to  manufacturers  of  con- 
crete pipe,  that  this  issue  of  Concrete  carries  two 
strong  measures  of  "jireparedness."  There  is  the 
announcement  on  tliis  jiage  tiiat  the  "Storrs  Bul- 
letin No.  70"  has  been  "repealed"  insofar  as  it 
was  objectionable  to  builders  of  concrete  silos. 
Read  .the  statement  of  the  director  of  the  Storrs 
Agricultural  Experiment  Station,  which  makes 
unanimous  the  favor  in  which  the  concrete  silo  is 
held,  at  least  so  far  as  agricultural  experiment  sta- 
tions are  concerned.  Read  also  and  preserve  care- 
fully for  future  reference  the  mass  of  testimonj- 
as  to  concrete  sewers — the  testimony  of  municipal 
engineers,  presumably  unbiased,  which  clears  the 
way  for  the  more  general  adoption  of  concrete 
sewers  in  pipe    uul  in  inonolitliie  form. 

(io  To  Sdiool  in  Chicago 

/"^HICAGO.  for  at  least  a  week — from  Feb.  12 
to  19,  will  gather  to  itself,  only  to  spread  it 
abroad  to  the  world,  the  elements  of  opportunity^ 
in  the  concrete  field.  For  several  years  it  has 
been  Chicago's  privilege  to  offer  a  "short  course" 
in  the  science  and  the  art  of  concrete.  There  is 
good  reason  to  predict  that  this  year's  week  of 
schooling  is  going  to  be  unusually  desirable.  The 
Cement  Show,  opening  Saturday  afternoon,  Feb. 
12,  is  to  fill  two  buildings,  instead  of  one,  as  for- 
merly, with  objects  pertinent  to  the  progress  of 
the  field  and  of  strong  educational  import.  The 
convention  of  the  Am.  Concrete  Institute  will  be- 
gin Monday,  Feb.  14,  to  continue  four  days;  the 
Road  Conference  will  begin  Feb.  15,  to  continue 
four  days,  and  the  Pipe  Association  will  hold  ses- 
sions Feb.   17  and  18. 


Storrs  Agricultural  Exi^eriment  Station 
Endorses  the  Concrete  Silo 

T  X  tlie  light  of  the  universal  endorsement  of 
concrete  silos  by  experiment  stations  and  agri- 
cultural interests  in  general,  the  title  of  this  edi- 
torial sounds  commonplace,  yet  it  is  very  impor- 
tant in  view  of  the  fact  that  the  Storrs  Agricul- 
tural Experiment  Station,  Storrs,  Conn.,  has  for 
some  years  distributed  Bulletin  70,  an  exceedingly 
able  piece  of  bacteriological  research  work.  Bul- 
letin No.  70,  by  W.  M.  Esten  and  Christie  .T. 
Mason,  is  probably  the  most  complete  and  valu- 
able treatise  available  on  silage  fermentation.  So 
able  were  the  authors  in  revealing  fermentation 
processes  that  it  is  a  matter  of  surprise  that  in 
their  investigations  of  the  best  type  of  silo  for 
insuring  and  controlling  proper  fermentation  they 
should  have  drawn  conclusions  in  1912  from  state- 
ments published  in  Illinois  and  Wisconsin  bulletins 
of  1888.  Bulletin  No.  70  makes  statements  preju- 
dicial to  the  concrete  silo  and  endorses  the  wood 
silo  as  having  superior  curing  and  keeping  quali- 
ties. The  fact  that  the  instances  cited,  alleging 
tiiat  concrete  failed  to  keep  silage,  were  dated  in 
the  '80's,  is  enough  to  show  the  thoughtful  reader 
that  these  silos  could  not  have  been  concrete  in  a 
modern  sense.  While  the  statements  made  in  the 
bulletin  were  objectionable,  they  were  not,  in 
themselves,  very  harmful  because  the  highly  tech- 
nical nature  of  the  work  secured  for  it  a  limited 
circulation  only.  But  since  the  statements  made 
have  been  the  one  official  expression  available  to 
the  opponents  of  the  concrete  silo,  they  have  often 
been  reprinted,  sometimes  in  distorted  form  and  in 
connection  with  misleading  sales  literature  calcu- 
lated to  carry  the  idea  that  experiment  stations  in 
general  were  unf.avorable  to  concrete  silos.  Great 
quantities  of  such  literature,  often  gilded  by  a 
local  agent  of  the  wood  silos,  have  worked  untold 
harm  not  only  to  the  advance  of  the  concrete  silo 
but  to  the  farmer,  the  very  man  for  whose  benefit 
Bulletin  No.   70  was   issued. 

This  magazine  believed  that  such  a  condition 
would  not  knowingly  be  tolerated  by  the  Connec- 
ticut Agricultural  Experiment  Station  and  took  up 
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the  matter  with  the  director,  Dr.  E. 
H.  Jenkins.  Proof  was  submitted  to 
Dr.  Jenkins  that  the  station  was  be- 
ing placed  in  a  false  position  and 
that  the  modern  concrete  silo  keeps 
silage  perfectly.  Part  of  the  proof 
submitted  is  from  the  stations  in 
Illinois  and  Wisconsin,  the  very  ones 
whose  bulletins  of  a  quarter  of  a 
century  ago  were  the  basis  for  the 
Storrs  bulletin  of  1912.  After  a 
study  of  the  facts  presented  by 
Concrete,  Dr.  Jenkins  immediately 
made  the  endorsement  of  the  con- 
crete silo  by  e.vperiment  stations 
unanimous  in  a  signed  statement  to 
this  magazine.  Dr.  Jenkins  writes : 
If  we  have  further  calls  for  Bul- 
letin No.  70,  I  shall  attach  to  them 
a  printed  copy  of  the  enclosed  state- 
ment, which  you  are  at  liberty  to 
make  public  if  you  see  fit. 
Very  truly  yours, 
(Signed)  E.  H.  Jenkins. 

STATEMENT 

The  iitatements  made  in  Bulletin  No. 
70  of  this  Station  (wliich  appear  on 
pp.  13,  U,  33,  34  and  36  of  the  Bul- 
letin) regarding  the  merits  of  different 
materials  used  in  the  construction  of 
silos  do  not  correspond  with  the  results 
of  more  recent  experience  and  experi- 
ment. 

They  were  based  in  part  on  observa- 
tions made  in  silos  of  primitive  con- 
struction and  totally  unlike  those  in  use 
today. 

The  experience  of  owners  of  silos  in 
this  state  and  elsewhere  has  shown  that 
silage  keeps  as  well  in  properly  built 
concrete  silos  as  in  one  properly  built 
of  wood.  The  choice  between  the  two 
materials  wholly  depends  on  other  fac- 
tors than  eflBciency  in  storing  and  pre- 
serving silage. 

E.  H.  Jenkins,  Director. 
Storrs  Agricultural  Station, 
December,  1915. 

The  Concrete  Silo  for 
Permanence 

TPHE  reader  will  note  that  Dr. 
Jenkins  refers  only  to  the  silage 
keeping  qualities  of  the  different 
types  of  silos,  which  is  proper,  as 
this  is  the  only  phase  of  the  subject 
discussed  in  Bulletin  No.  70.  The 
last  lines  of  his  statement  say:  "The 
choice  between  the  two  materials 
(wood  and  concrete)  wholly  depends 
on  other  factors  than  efficiency  in 
storing  and  preserving  silage."  It 
is  hardly  necessary  to  call  the  atten- 
tion of  the  readers  of  Concrete  to 
some  of  the  "other  factors"  which 
should  influence  the  farmer  to  choose 
the  concrete  structure.  Permanence 
is  the  watchword  of  the  concrete  silo 


builder.  The  well  built  concrete  silo 
can  be  forgotten  by  its  owner;  no 
repairs  are  needed;  no  leaks  develop 
and  in  case  of  fire  not  only  the  silo 
but  its  valuable  contents  are  safe. 

To  the  statement  of  Dr.  Jenkins, 
that  the  well  built  wood  silo  will 
keep  silage  equally  as  well  as  con- 
crete, should  be  added:  so  long  as  it 
stays   well  built. 

In   actual   practice   the    well   built 
period  is  exceedingly  short.     A  wood 
silo   salesman   at  a    fair   had   nearly 
convinced   a    farmer   tliat   he   should 
buy  a  wood  silo.     The  farmer  asked : 
"Can  I  set  up  this  silo  myself.''" 
A  voice  from  the  crowd  replied: 
"Sure    you    can,    Bill.      I've    put 
mine   up   three  times !" 


President   of   the    Hill    Pub- 
lishing Company  Dies 
Suddenly 

John  A.  Hill,  pres.  of  the  Hill 
Publishing  Co.,  died  suddenly  from 
heart  disease,  Monday  morning,  Jan. 
'24.  while  traveling  in  his  motor  car, 
from  his  home  at  E.  Orange,  N.  J. 

In  the  death  of  Mr.  Hill,  the  en- 
gineering world  has  lost  a  man  of 
exceptional  power.  He  was  essen- 
tially a  self-made  man ;  born  on  a 
Vermont  farm  in  1858,  he  became 
a  locomotive  engineer,  but  his  bent 
for  journalism  soon  called  him  to 
the  editorship  and  finally  to  owner- 
ship of  the  Locomotive  Engineer. 

Seeing  the  possibilities  of  the 
technical  press,  he  added  such  well 
known  journals  as  Power,  the  Amer- 
ican Machinist,  the  Engineering 
Xen'S,  and  others. 

Mr.  Hill  was  affiliated  with  nu- 
merous technical  organizations  and 
was  one  of  the  representatives  of  the 
Am.  Soc.  of  Mech.  Engrs.  on  the 
recently  appointed  Naval  Board. 


Portland  Cement  Association 
Will  Move  to  Chicago. 

A  most  progressive  step,  of  con- 
sequence to  the  whole  concrete  in- 
dustry, is  indicated  in  announce- 
ments of  new  work  to  be  undertaken 
by  the  Assn.  of  Am.  Portland  Ce- 
ment Mfrs.,  through  its  new  admin- 
istration, announced  in  this  maga- 
zine last  month.  Preliminary  to  the 
execution  of  extensive  plans  of  de- 
velopment are  the  change  of  name  to 
the  Portland  Cement  Association  and 
the  early  removal  of  the  organiza- 
tion's headquarters  from  Philadel- 
phia  to   Chicago,   where   offices  will 


be  in  the   Conway   Bldg.,   Ill    West 
Washington  St. 

It  is  not  only  the  purpose  greatly 
to  amplify  past  policies  and  pro- 
cedure, but  to  "give  further  empha- 
sis to  the  admirable  policy  of  con- 
structive co-operation  as  disting- 
uished from  destructive  competi- 
tion," says  the  announcement.  Clos- 
er alliance  will  also  be  sought  with 
the  various  associations  and  organ- 
izations concerned  in  the  use  of  ce- 
ment and  concrete.  It  is  needless  to 
say  that  the  confidence  manifested  in 
the  future  prosperity  of  the  indus- 
try will  have  an  encouraging  influ- 
ence upon  other  industries.  Not  only 
the  manufacturers  of  cement,  but  the 
public  has  come  to  realize  that  pres- 
ent consumption  is  small  indeed  com- 
jsared  with  the  demand  likely  to  take 
place  in  future,  and  in  order  that 
expansion  may  be  as  consistent  and 
rapid  as  possible,  exceedingly  broad 
and  comprehensive  plans  will  govern 
future  work.  This  was  outlined  in 
a  report  submitted  to  the  Association 
by  J.  P.  Beck,  formerly  of  the  Uni- 
versal Portland  Cement  Co.,  Chi- 
cago. Notwithstanding  the  fact  that 
it  provided  for  a  largely  increased 
appropriation  and  the  exploitation 
of  fields  heretofore  untouched,  it 
was  received  with  the  greatest  enthu- 
siasm and  adopted  without  a  dissent- 
ing voice. 

Broadly  speaking,  the  work  of 
the  Association  upon  which  special 
effort  will  be  concentrated  will  re- 
late to  development  along  three  lines, 
the  use  of  concrete  on  the  farm,  con- 
crete roads  and  concrete  in  building 
construction,  with  special  emphasis 
upon  the  fire-resisting  properties  of 
the  material. 

Mr.  Beck  was  elected  gen.  mgr. 
of  the  Association.  Percy  H.  Wilson, 
its  former  secy.,  tendering  his  resig- 
nation. The  affairs  of  the  Associa- 
tion will  be  under  the  control  of  a 
governing  board.  The  newly  elected 
officers  have  alreadv  been  announced. 


Out  in  California  the  rare  case  of 
a  contractor  making  the  mix  too  rich 
lias  just  been  unearthed  in  an  in- 
vestigation upon  a  sample  of  con- 
crete used  by  the  McArthur  Broth- 
ers Co.  on  the  Redondo  Beach  pier. 
The  analysis  of  the  concrete  showed 
a  mixture  of  1  part  cement.  2  parts 
sand  and  2l^  parts  rock.  The  con- 
tract called  for  3  parts  of  rock  and 
with  only  S^o  parts,  as  shown,  the 
mixture  is  much  richer  than  re- 
quired. This  is  one  of  the  white 
blackbirds  that  sometimes  fly  in  the 
skies  of  concrete  construction.  (Ex- 
cept that  the  white  blackbird  is  an 
albino  and  a  weakling  and  Nature 
doesn't  let  him  live  long — Editors.) 
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Methods  and  Cost  of  Constructing  a  Rein 
forced  Concrete  Building 


liv  K.  W.  Roiuxsox' 


This  article  (Icscribcs  tin- 
inctliads  used  and  gives  the  ac- 
tual unit  J(d)()r  costs  attained 
on  the  construction  of  all  the 
concrete  xcorh-  for  a  brick  and 
concrete  l)nUdin<i;  for  the  lh\v- 
ar  Count  11  Home  for  ihr 
Aged,  of  Bc.rar  Counti/.  Tex. 


This  work  is  located  about  10  mi. 
from  San  Antonio  and  about  2  nil. 
from  the  nearest  railroad  sidinjj. 
wliich  necessitated  eanip  and  com- 
missary for  tlie  whole  force  <  ii- 
gajied  and,  as  living;  conditions  un- 
doubtedly had  some  effect  on  tiie 
efficiency  of  the  men,  it  can  be  stated 
that  the  camp  was  different  from 
most  construction  camps  in  that  no 
effort  was  made  to  realize  a  profit 
on  the  men.  Considerable  effort  was 
made  to  make  the  camp  as  a  whole 
self-sustaining,  but  owing  to  tin- 
sudden  increase  in  cost  of  foodstufi^ 
just  as  the  work  was  started,  which 
was  at  the  outbreak  of  ,the  European 
war.  the  scarcity  of  good  labor  and 
the  usual  diffieulty  of  inducing  both 
skilled  aiul  unskilled  laborers  to  stay 
on  the  job  as  much  as  a  week  at  a 
time,  it  was  allowed  to  show  a  deficit 
at  the  end.  The  total  loss  on  the 
camp  amounted  to  about  -t'/r  of  the 
pay-roll,  which  is  believed  to  have 
been  a  good  investment,  inider  the 
circumstances.  After  the  first  few 
weeks  excellent  labor  was  secured  at 
the  wage  being  paid  in  town;  the 
men  were  kept  on  the  job  from 
Monday  morning  until  Saturday 
night,  had  plenty  of  good  substan- 
tial food  to  eat,  were  fresh  and 
ready  to  work  every  morning  except 
Monday,  and  were  well  and  con- 
tented. " 


The  structural  design  consiste-1  of 
beam  and  slab  floors  supported  by 
plain  square  columns.  Two  sizes  o*' 
columns  were  used  throughout,  10" 
X  10"  and  12"  x  12". 


Figs.  1-6 — Progress  Views  Oct.  15,  1914-,  to  Feb.  5,  1915 
Fig.   7 — For.ms  Reixforcisg  axd   Rcnw.ws,  First   Floor 
Fig.  8 — Detail  of  Finished  Ceiling 
Fig.  9 — Detail  of  Slab  Reixfobcixg  and  Runway 
Fig.  10 — Concrete  Stairs,  Flight  No.  2 


McKenzie     Const.     Co.,     San 


Most  of  the  beams  were  7Vj" 
wide  by  a  total  depth  of  I.t"  from 
top  of  slab.  There  were  a  few 
beams  IV^"  ^  ^~"  '""^  9Ml"  ^  1~"> 
according  to  span  and  loading.  The 
floor  slabs  are  all  Uo"  thick  and 
reinforced  in  one  direction  with 
1  ^-in.  twisted  bars,  except  in  a  few 
instances,  where  floors  are  5"  thick 
and  reinforced  in  one  direction  with 
%-in.  X  %-in.  twisted  bars.  Three 
%-in.  round  plain  bars  were  used  to 
each  panel  as  ties  for  the  main  rein- 
forcing and  to  take  care  of  expan- 
sion and  contraction.  The  roof  slab 
is  -i"  thick  and  reinforced  in  one  di- 
rection  with   %-in.  X   lA-in.   twisted 
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bars.  The  columns  are  reinforced 
with  4  to  6  plain  round  bars  from 
1.."  to  1"  in  diam.,  tied  with  %-in. 
round  spiral  hooping.  All  beam  and 
column  reinforcing  was  assembled  at 
the  bench  and  placed  as  units.  This 
method  allowed  a  small  steel  gang 
to  work  almost  continuously  and 
thus  become  used  to  the  work,  and 
it  was  a  matter  of  only  2  hrs.  or 
3  hrs.  to  place  the  steel  for  a  sec- 
tion of  floor  for  a  day's  pouring. 

In  addition  to  the  framework 
there  was  a  basement  approximately 
39'  X  20'  under  one  wing,  the  lO-in. 
concrete  side  walls  of  which  took  the 
place   of   the   first   floor   beams   be- 


CONCRETE 


tween  columns.  The  three  wings  of 
the  building  are  two  stories,  the  cen- 
tral part  is  three  stories  high.  There 
are  three  flights  of  concrete  stairs 
between  the  first  and  the  second 
floor  and  one  flight  between  the  sec- 
ond the  third  floor. 

BUILDING    .4ND    SETTING    FORMS 

Forms  for  the  sides  of  the  col- 
umns were  made  at  the  bench  to  the 
proper  size.  They  were  made  a  few 
inches  longer  than  net  height  be- 
tween floors  and  the  bottom  only  was 
squared.  The  sides  were  assembled 
with  1^-in.  chamfer  strips  nailed  in 
the  corners  and  after  having  been 
well  oiled  with  a  paraffin  oil  were 
nailed  with  double-headed  draw 
nails^  just  enough  to  hold  them  to- 
gether while  being  set.  The  bottom 
ends  of  the  forms  were  set  into  pock- 
ets consisting  of  four  I -in.  x  3-in. 
strips  located  by  a  transit  and  tape 
and  nailed  to  the  concrete  before  it 
set  hard.  Forms  were  then  made 
plumb  in  both  directions, "  cross- 
braced  and  tied  together.  As  soon 
as  one  section  of  column  forms  had 
been  set,  consisting  usualh"  of  one 
wing  or  the  central  part  of  the 
building,  points  were  marked  near 
the  upper  and  a  certain  distance  be- 
low top  of  floor  above  by  means  of 
a  "Y"  level  and  inverted  rod.  As 
these  points  were  set  from  an  estab- 
lished permanent  bench  mark  each 
floor  was  at  the  proper  level,  entire- 
ly independent  of  inequalities  in  the 
surface  of  the  concrete  of  the  floor 
below.  The  foreman  then  marked 
the  sizes  of  the  beam  openings  on  • 
the  sides  of  the  column  forms,  also 
the  depth  of  floor  slab  at  that  point. 
Except  in  unusual  cases  this  gave 
sufficient  information  for  the  carpen- 
ters following.  As  soon  as  one  squad 
of  carpenters  finished  the  column 
heads  another  squad  followed,  set- 
ting benm  bottoms  and  built-up  beam 
sides.  The  beam  bottoms  were  of 
2-in.  material  and  the  sides  were 
fastened  to  them  by  means  of  8d 
double-head  draw  nails. 

Floor  Forms — The  2-in.  x  6-in. 
joists  and  the  4-in.  x  4-in.  strinsrers 
and  shores  were  next  nlaced.  The 
final  operation  was  to  place  the  1-in. 
X  S-in.  shiplap  and  to  finish  the  cor- 
ners with  chamfer  strips.  As  shown 
at  Fig.  12,  the  joists  were  not  in  one 
piece  from  beam  to  beam,  but  were 
cut  in  the  center  and  lapped  on  a 
4-in.  X  4-in.  stringer  which  was  cir- 
ried  by  the  shores.  This  provided 
for  ease  in  wrecking  and  saved  lum- 
ber. The  shores  were  cut  to  iiroper 
length  on  the  power  saw  and  after 
the  shore  head  had  been  attached  to 
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those  that  went  under  beams,  were 
placed  by  two  or  more  helpers  under 
the  supervision  of  a  carpenter. 

It  was  at  first  thought  advisable 
to  make  the  slab  forms  in  panels, 
but  owing  to  the  comparatively  small 
number  of  panels  of  exactly  the 
same  size  this  method  was  aban- 
doned in  favor  of  the  method  out- 
lined above.  Instead  of  using  two 
or  more  size  of  shores  according  to 
the  loading  and  having  all  spacing 
equal  it  was  thought  better  to  use 
one  size  of  shores  and  vary  the  spac- 
ing. The  reason  for  this  was  prin- 
cipally   because    there    is    always    a 


Fig.  12 — Detail  Beam  axd  Slab  Coxst. 

better  demand  for  second-hand  4-in. 
X  4-in.  material  than  for  6-in.  x  6-in. 
or  larger.  Column  sides  and  beam 
sides  were  extended  or  cut  down  as 
was  necessary  when  they  were  re- 
used, and  were  used  from  three  to 
five  times  and  could  have  been  used 


Fig.  13 — Columx  Details 

several  times  more  had  the  building 
been  larger.  The  shiplap  flooring 
was  used  on  an  average  three  times 
before  it  was  ready  for  the  scrap 
pile.  Just  before  the  steel  was 
placed  the  forms  were  swept  clean 
and    well    oiled    with    a    paraffin    oil. 


The  covers  to  column  clean  out  pock- 
ets were  not  replaced  until  just  be- 
fore the  concrete  was  poured. 

Seven  adjustable  steel  column 
clamps^  were  used  on  each  column, 
spaced  from  the  bottom  upwards  as 
follows:  12",  12",  15",  20",  20", 
22",  24".  This  spacing  held  the 
forms  true,  notwithstanding  the  fact 
that  the  concrete  was  pretty  wet  and 
poured  as  fast  as  it  could  be  well 
worked   around   steel. 

The  labor  cost  of  erecting  forms 
as  given  later  includes  the  carrying 
of  material  to  the  erectors,  cleaning 
and  oiling  and  the  cost  of  placing 
clamps,  in  fact,  everything  ready  for 
the  steel  and  concrete.  The  cost  of 
wrecking  includes  the  cost  of  pull- 
ing nails,  sorting  and  cleaning  and 
piling  ready  for  the  men  who  car- 
ried to  the  erectors. 

The  following  tabulation  gives  the 
total  bill  of  Hmber  brought  onto  the 
job: 

1"   X     8"    S.    L 37,275',  B.M. 

1"  X     4"    Box 400'  " 

1"   X     4"        "        1,677'  " 

1"  X      6"        "        1,496'  " 

1"  X   12"        "        2,500'  " 

Mostly  in  tool   sheds,   etc. 

2"   X     4"     3,872'  " 

2"   X     6"    7,960'  " 

2"  X     8"    8.288'  " 

2"  X  10"    1,980'  " 

Mostly  for  run-ways 

2"  X  12"    1,700'  " 

Mostly  for  run-wavs 

4"  X     4"    9.392'  " 

Total    71,540-.  B.  M. 

Of  this  total  there  were  about 
36,000  ft.,  B.  M.,  left  in  shape  fit 
to  be  used  again  on  rough  work,  ex- 
cepting the  4-in.  x  4-in.  material, 
which  in  the  longer  lengths  was  as 
good  as  new.  The  short  pieces  of 
4-in.  X  4-in.  stuff  have  already  been 
used  for  trench  braces  on  another 
job,  so  practicalh"  full  value  has 
been,  or  will  be,  secured  for  nearly 
all  of  that  dimension.  The  above 
material  does  not  include  lumber  for 
finish  work  in   the   building,   or   for 
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Fig.  11 — Floor  Plax  axd  Sectioxs.  Bexar  Co.  Home  for  Aged 
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any  other  purpose  after  the  concrete 
was  finished. 

The   following  quantities  of  nails 
were  used  in  the  forms : 
4d  son  lbs. 

«d    700     " 

Used  on  .slieatliing 

«d   500    •• 

Includes  double-head  draw  nails 

led   800    " 

Mostly  In  tower 

«0d   100    " 

For  fastening  column  clnnips 

Total    1,800  lbs. 

CONCRETE   PI,.\NT 

All  concrete  for  the  buildinf;  was 
mixed  in  a  one-sack  hatch  gasoline- 
driven  Austin  cuhe  mi.xcr.''  For  the 
ground  floor  and  basement  the  con- 
crete was  wheeled  in  5-cu.  ft.  Ran- 
some  carts'  direct  from  mixer  to 
forms.  Above  the  first  floor  the  con- 
-crete  was  hoisted  up  a  tower  and 
poured  down  one  section  of  a  Wylie 
chute"  into  a  wooden  hopper  from 
which  the  carts  were  filled.  A  r)-in. 
X  7-in.  double-cylinder  double-drum 
steam  hoist  was  used  to  handle  the 
bucket  in  the  tower  and  also  to  oper- 
ate a  boom  fastened  to  one  side  of 
the  tower  for  raising  material,  carts, 
runways,  etc.,  from  floor  to  floor. 

The  Tower — The  tower  consisted 
of  four  4-in.  x  4-in.  corner  posts 
spaced  iS'^/U"  x  ll^^"  o.  c.  with 
2"  X  6"  horizontally,  dividing  it  into 
14  panels  6'  high.  Each  panel  was 
cross-br.iced  with  two  1-in.  x  8-in. 
boards  on  each  side.  The  guides  for 
tilt  bucket  were  made  of  material 
2"  X  4".  2"  X  6"  and  2"  x  12". 
With  common  labor  at  2.'5  cts.  and 
carpenters  at  4.5  cts.  and  47  cts.  per 
hr.,  the  total  ecst  of  erecting  tower 
ready  to  run  concrete,  including 
guying  and  rigging,  was  $1.08  per 
vertical  ft.  This  cost  was  divided 
as  follows.  The  actual  cost  of  build- 
ing, plain  tower  without  guides,  in- 
cluding all  sawing,  hauling  up  with 
ropes  and  placing,  was: 

Two  carpenters,  42  Iirs.  S)  47  cts $10. (i!) 

One  helper,   22  hrs.   @  25  cts 5.50 

Total,  84  vert.  ft.  or  1,241'.  B..M $25.19 

Per    vert.    ft.    =  $     .30 
Per  M.  B.  M.  =     20.30 

The  cost  of  making  and  placing  cat 
head,  placing  sheaves,  and  placing 
guides  for  bucket  was : 

89%   hrs.   @   47  cts $18.30 

lOVi  hrs.  @  45  cts 4.61 

17i4  hrs.  @  25  cts 4.30 

Total    $27.30 

Total    tower   cost,   exclusive  of  guying 

and  rifrains  $52.49 

Cost   per   vert,    ft 626 

Cost  per  M.  B.  M.  of  lumber 28.30 

The  rest  of  the  cost  was  for  guy- 
ing and  rigging  ready  to  run  con- 
crete, and  for  excavating  about  8  cu. 

♦Municipal  Engrg.  and  Contrg.  Co.,  Chicago 
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yds,  of  earth  for  deadmen  and  hole 
for  bucket  at  bottom  of  tower.  Four 
%-in.  cable  guys  were  placed  about 
the  center  of  the  tower  and  4  more 
at  the  top.  The  cost  of  wrecking 
the  tower  was  about  $8  for  every- 
thing, as  the  tower  was  felled  in- 
stead of  being  taken  down  piece  by 
piece. 

All  materials  were  placed  as  close 
to  the  mixer  as  was  possible  with 
single  teams.  All  concrete  except 
columns  was  1:2:4.  Fine  bank  sand 
and  round  screened  river  gravel  were 
the  aggregates  used.  An  average 
size  gang  for  pouring  concrete  on 
second  floor,  with  runways  from  10' 
to  75'  long  from  hopper,  was  as 
follows : 

Ground 

1  hoist  man 

2  mixer  men 

1  feedinp  cement 

2  wheeling  sand,  40'  to  50' 

4  wheeling  gravel,    20'  to   50' 

1  wheeling  gravel  and  carrying  cement,  40' 

Top 
1  at  hopper 
4  wheeling  carts 

1  dumping  carts  and  moving  runways 

2  dragging  off  and  removing  screeds 

2  placing  and   tamping   around   reinforcing 

The  reason  for  two  men  at  the 
mixer  was  that  the  throat  of  the 
loading  skip  was  so  small  that  too 
much  time  was  lost  in  waiting  for 
the  whole  charge  to  get  into  the 
drum,  so  one  man  did  nothing  but 
punch  the  charge  out  of  the  skip. 
By  timing  l.'j  or  20  batches  it 
showed  an  average  of  about  47  sec. 
per  batch  when  there  were  no  de- 
lays. When  one  whole  section  of 
about  52  cu,  yds,  was  poured  in  4 
hrs..  as  was  done  several  times,  it 
was  considered  a  pretty  good  run. 

The  carts  used  to  distribute  the 
concrete  over  the  floors  were  run  on 
runways  built  up  in  sections  4'  wide 
and  12'  or  14'  long  of  2-in.  x  10-in. 
or  2-in.  x  12-in.  lumber.  Short  4  x 
4's  were  used  for  legs  to  keep  the 
planks  clear  of  the  reinforcing  steel. 
Four  men  could  easily  handle  one 
section  even  when  wet  and  covered 
with  concrete,  and  very  little  time 
was  used  in  shifting  runways. 

COXCRETE    COSTS 

Practically  all  common  labor  was 
paid  25  cts.  per  hr.  for  8-hr.  das., 
though  two  leaders  received  a  few 
cents  more  and  a  few  men  were  paid 
20  cts.  All  but  three  carpenters  re- 
ceived the  union  scale  of  45  cts.  per 
hr.,  and  these  three  leaders  recei.ed 
47  cts.  Carpenter  helpers  received 
25  cts.  per  hr.  and  were  furnished 
with  saw  and  hammer.  A  small 
combination  machine  driven  by  a 
gasoline  engine  did  the  sawing  and 
ripping.  The  man  who  ran  this  ma- 
chine also  ran  the  steam  hoist  and 
received  50  cts.  per  hr.  The  mixer 
man    was    an    all-around    machinist. 


did  blacksmith  work  and  machine  re- 
pairing and  received  .$,3,50  per  da., 
straight  time.  One  foreman  received 
$4.00  per  da.,  one  $5.00  per  da.,  and 
the  superintendent  $30  per  wk. 

In  keeping  the  cost  data  a  check 
was  made  against  the  actual  pay-roll 
each  week,  and  any  discrepancies 
found  were  corrected  before  it  was 
too  late  for  some  one  on  the  job  to 
remember  what  a  certain  man  did 
on  a  certain  day.  In  this  way  while 
any  i)articular  item  may  be  in  error 
a  small  amount,  the  total  labor  cost 
is  correct,  as  it  has  to  balance  the 
actual  pay-rolls.  Each  man's  time 
was  charged  to  some  item  on  the 
schedule  for  each  and  every  hour 
he  worked.  ^lost  of  the  supervision, 
the  waterboy,  and  such  time  as  was 
devoted  to  the  job  as  a  whole  and 
could  not  be  charged  to  any  particu- 
lar tiling,  was  placed  under  "Gen- 
eral" and  kept  as  a  separate  item. 
The  following  unit  costs  do  not  in- 
clude this  item  of  "General"  and  to 
obtain  the  total  field  labor  cost  one 
should  add  16%  to  the  costs  as 
given.  The  writer  reilizes  that  this 
method  is  not  exact  but  he  believes 
it  is  as  well  to  handle  general  ex- 
pense in  this  way  as  by  any  other 
method. 

The  concrete  labor  was  divided 
into  two  items,  that  of  "Preparing 
Plant"  and  "Mixing  and  Placing." 
The  former  includes  all  labor  get- 
ting ready  to  run  concrete,  and  in- 
cludes the  cost  of  building  and  rig- 
ging the  tower,  etc..  while  the  latter 
is  simply  the  actual  cost  of  mixing 
and  placing.  In  this  case,  which  is 
typical  of  the  writer's  experience, 
tiic  item  of  Preparing  Plant  is  ap- 
proximately 1/4  of  the  total  cost  of 
concrete  labor,  and  he  believes  that 
some  of  the  low  record  costs  of  pour- 
ing concrete  he  has  heard  of  are  due 
to  "neglect  of  this  very  important  ele- 
ment of  cost. 

There  were  780  cu.  yds.  of  con- 
crete in  the  building  and  56,032  sq. 
ft.  of  form  area.  There  was  a  total 
of  63.8  tons  of  reinforcing  steel 
used,  of  which  21.7  tons  was  de- 
livered on  the  job  bent  and  required 
only  assembling  and  placing,  and 
32.1  tons  required  bending,  assem- 
bling and  placing. 

The  actual  unit  labor  costs  of  the 
above  item  are  as  follows: 

Preoaring  plant  $0,265  per  cu.  yd.  concrete 

Mixing  and  placing.   0.756  per  cu.  yd.  concrete 

Total    $1,021  per  cu.  yd.  concrete 

Rorms.  bench  work.  .$0,405  per  cu.  yd.  concrete 
Forms,  bench  work..   0.006  per  sq.  ft.  forms 

Forms,   erecting   2.350  per  cu.  yd.  concrete 

Forms,    erecting   0.033  per  sq.  ft.  forms 

Forms,  total  erecfg. $2,755  per  cu.  yd.  concrete 
Forms,  total  erect'g.   0.030  per  sq.  ft.  forms 
Forms,  wrecking   ..  .$0,492  per  cii.  yd.  concrete 
Forms,  wrecking    ...   0.007  per  sq.  ft.  forms 

Total  form  labor.  .»3.247  per  cu.  yd.  concrete 
$0,046  per  sq.  ft.  forms 
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The  above  concrete  cost  data  in- 
clude cost  of  stairs,  but  they  were 
kept  separate  as  far  as  was  possible 
so  as  to  secure  separate  cost  data. 
The  cost  of  concrete  could  not  be 
separated,  as  stairs  were  poured  at 
the  same  time  the  rest  of  the  floor 
was  poured,  but  the  cost  of  forms 
and  steel  for  them  was   as   follows: 

No.  1 — 21  steps  each  4'  6"  wide,  2.81  cti. 
yds.  concrete,  O.I-Hi4  tons  steel  and  202  sq. 
ft.  of  forms. 

Erecting  Forms 

15      hrs.  @  47  cts $  7.05 

13.3  hrs.  @   45  cts 0.08 

15      hrs.  @  25  cts 3.75 

Per  sq.  ft.  of  forms  —     0.0833 
Per  cu.  yd.  concrete  =  $6.01 
No.    2 — 21    steps  each   4'    a"   wide.    3.ia    en. 
yds.   concrete,    0.10.39    tons   steel   and    227   .sq. 
ft.  of  forms. 

Erecting  Forms 

13       hrs.  (5)  47  cts $  C.ll 

13.25  hrs.    (8)    45  cts 5.90 

13        hrs.  @  25  cts 3.2.^ 

Total    S15.32 

Per  en.  V(l.  concrete   =  S4.R0 
Per  sq.  ft.  of  forms  =     0.0075 
No.    .3 — 21    steps   each   3'    6"   wide,    2.35   c\i. 
yds.   concrete,    0.1368  tons   steel   and    170    sq. 
ft.   of   forms. 

Erecting  Forms 

28.75  hrs.    (ffi    47  cts $13.51 

7       hrs.  @  45  cts 3.15 

Total   $16.60 

Per  cH.  vd.  concrete  =  $7.09 
Per  sq.  ft.,  of  forms   =     0.0947 
Nos.    1,   2  and   3 — One   carpenter  at  47   cts 
and   one   helper   at   25   cts.  per  hr.  bent  anrl 
placed  all  steel  for  all  three  flights  at  a  cost 
of  $18.43  per  ton. 

Different  squads  of  men  worked 
on  these  stairs,  which  explains  to 
.some  extent  the  differences  in  cost. 
The  reason  is  very  plain  why  No.  .S 
should  be  higher  than  tlie  rest,  as 
the  men  had  no  helper  to  bring  tliem 
material  and  do  the  rough  work. 

All  stair  steps  had  nosings  or 
curb  bars'  placed  in  the  edges  of  the 
steps  and  the  cost  of  fastening  these 
in  place  in  the  forms  for  33  @  3' 
6"  and  42  @  4'  6",  or  a  total  of  7^' 
pieces  and  314'  6"  was  as   follows: 

5.75   hrs.    (»    47   cts $2.70 

3.5     hrs.  (?t)  45  cts 1.5S 

5.25  hrs.   (5)   25  cts 1.30 

Total    $5.58 

Per  .step       =  $0.0744 
Per  lin.  ft.  =     0.0177 

As  there  are  generally  a  large 
number  of  stirrups  and  column  hoop- 
ings  to  be  bent  on  a  job  of  this  sort 
separate  costs  were  kept  on  these 
items  under  average  conditions  when 
it  was  possible  to  separate  them.  In 
bending  the  stirrups  in  one  man  at 
25  cts.  per  hr.  in  6.5  hrs.  bent  350 
stirrups,  all  of  ■^i."  sq.  tw.,  half  of 
which  were  3'  V  long  and  the  other 
half  3'  7"  long.  This  is  at  a  cost 
of  $5,602  per  ton  or  a  cost  of 
$0.00116  per  bend.  It  will  be  no'^ed 
there  two  rifcht-anqrled  bends  and 
two  bends  of  about  135°  to  each 
stirrup. 

Column  hooping  was  bent  from 
%-in.  round  steel  and  was  bent 
around  a  square  wooden  shaft  of  the 
proper  size,  the  edges  of  which  were 

[SO] 


reinforced  by  steel  angles,  and  which 
was  turned  much  in  the  same  man- 
ner as  an  old-.style  windlass.  One 
man  turned  the  shaft  and  another 
h.'immered  the  rods  to  proper  form 
witli  a  heavy  machinist's  hammer  or 
a  light  striking  hammer.  The  cost 
of  this  work  was  as   follows : 

$0.90 


Total    $1.65 

Bent    15    hoops    aronnd    a     loin,    x     lOin. 

shaft,  10  tnrns  to  a  hoop  at  a  cost  of  11  cts. 

per  hoop  or  $17.56  per  ton. 

A  little  later  when  these  same  men 
became  more  accustomed  to  this 
work  in  5.75  hrs.  they  bent  48  hoops 
around  an  8-in.  x  8-in.  shaft,  with 
10  turns  per  hoop  (each  was  in  three 
pieces  also)  at  a  cost  of  $0.0663  per 
iioop,  or  a  cost  of  $13.25  per  ton. 

In  both  the  column  and  the  stirru]) 
costs  the  seeming  higli  cost  per  ton 
is  of  course  due  to  the  small  weight 
of  the  %-in.  material. 

The  cost  of  placing  the  steel  col- 
umn champs  was  kept  in  a  few  cases 
and  was  found  to  be  as  follows : 

For  placing  clamps  2-7,  incl.  (from  bottom 
np).  13  coUimns; 

1(1. 5  hrs.   (a   30  cts $3.15 

l.i.r.    hrs.    (ql    25   cts 3.85 

Total    $7.00 

Per  clamp     =  $0,089 
Per  column   =     0.588 
.Same    as    above,   but   on    five    columns    and 
with  carpenters  doing  the  work: 

2  men,  2.5  hrs.  @  45  cts $1.13 

Per   clamp     =  $0.0377 
Per  column  =    0.226 
Placing    clamp    No.    I.    including    replacing 
cover  to  clean-out  pocket  on  28  columns: 

3  hrs.  @   47  cts $1.14 

2.25  hrs.   (w   45  cts 1.01 

4.73   hrs.    @    25   cts 1.20 

Total    $3.62 

Per  damp  or  column  =  $0,129 

One  man  at  30  cts.  per  hr.  removed  Nos. 
1,  3,  4,  6  from  8  columns  in  1.5  hrs.  at  a 
cost  of  $0,014  per  clamp. 

It  is  shown  above  that  the  carpen- 
ters could  place  the  clamps  consider- 
ably cheaper  than  the  common  labor- 
ers, though  receiving  nearh-  twice  the 
pay,  for  the  renson  that  they  were 
••sed  to  using  their  tools,  and  were 
mechanics.  There  is  no  doubt  that 
after  long  practice  the  laborers  could 
do  the  same  work  in  the  same  time 
as  the  skilled  men.  This  illustrates 
in  a  small  way  the  value  of  a  man 
skilled  in  any  particular  work  and 
is  only  one  of  the  many  things  that 
show  an  observer  that  the  wage  paid 
a  man  is  not  the  only  consideration 
in  determining  whether  or  not  he  is 
wanted  on  the  pay-roll. 

The  architects  on  the  abo\e  build- 
ing were  Alfred  Giles  Co.  and  Chap- 
man &  Murphy,''  and  the  structural 
engineer  Willard  Simpson.*  The 
work  was  done  by  the  McKenzie 
Const.  Co.^ 

■Trnssed  Concrete  Steel  Co.,  Voungstown, 
Ohio 

"San   .\ntonio,  Tex. 


Railway  Shelters 

Two  reinforced  concrete  shelters 
for  waiting  passengers  at  the  west- 
ern entrance  to  the  Boylston  St.  tun- 
nel, Boston,  have  been  constructed 
by  the  Boston  Elev.  R.  R.  Co. 

The  shelters  are  25'  4"  long  and 
5'  2"  wide  and  have  a  sloping  roof 
overhanging  3'  4".  The  sides  and 
the  back — which  has  the  external  ap- 


I'asskxc.kr    Sjiklteo.   Bosto> 
Ky. 


jjearance  of  a  wall,  viewed  from  the 
street  outside  the  enclosure,  and  is  in 
line  with  the  iron  fence  which  ex- 
tends around  the  prepayment  area 
— are  of  reinforced  concrete. 

The  corner  posts,  which  are  2'  6"" 
X  2'  6",  are  constructed  of  brick 
piers,  stuccoed.  The  top  of  each 
post  is  surmounted  by  a  concrete 
ball.  The  roof  is  of  3-in.  x  6-in. 
hard  pine  rafters,  iV.S'in-  matched 
hard  pine  boards  and  a  slate  cover- 
ing. All  the  concrete  is  given  a  slap- 
dash finish. 


The  use  of  concrete  for  buoys  and 
mooring  blocks  is  by  no  means  new, 
but  according  to  Concrete  and  Con- 
.stnirtional  Engineering,  a  rather 
unique  method  is  being  adopted  in 
England  for  making  mooring  blocks. 
A  concrete  buoy  is  first  constructed 
consisting  of  a  thin  shell  heavily  re- 
inforced. This,  after  curing,  is 
towed  to  position  and  scuttled.  A 
diver  then  fills  the  buoy  with  stone 
or  scrap  iron,  forming  a  substantial 
anchorage.  The  advantage  of  this 
construction  is  that  it  allows  the 
anchor  to  be  constructed  in  a  con- 
venient place  and  towed  to  position 
and  placed  without  heavy  equip- 
ment. 
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Advanced  Practice  With  Economical  Results 
on  the  Allentown-Easton  Road' 


Tlie  Pciinsylvaiii,!  State  Hijtiiway 
Dept.  is  constructing  a  concrete 
road  between  Allentowfi  and  Kaston, 
wliich  it  is  proposed  to  make  rejjre- 
sentativc  of  the  highest  standard  of 
modern  engineering-  practice  in  con- 
crete highway  construction.  The 
road  is  \6'  wide  and  will  be  ap))roxi- 
mately  12  mi.  long,  between  Allen- 
town  and  Easton.  via  Bethieiicni. 
thus  connecting  three  important 
towns   in  the  Lehigh  cement  region. 

While  the  road  is  being  construct- 
ed in  conformity  with  the  most  exact 
engineering  requirements,  it  will  be 
built  as  economically  as  possible. 
for  the  Highway  department  in- 
tends to  demonstrate  that  the  meth- 
ods employed  are  so  thoroughly 
practicable  as  to  be  ajiplied  to  any 
concrete  job. 

Up  to  the  time  when  work  stopped 
for  the  season  the  scene  of  opera- 
tions was  a  busA'  one,  with  its  camp 
of  several  hundred  laborers  and  big 
outfit  consisting  of  road  rollers, 
stone  crushers,  mixers  and  the  many 
minor  tools  and  appliances  required 
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for  this  type  of  construction. 

The  work  began  half-way  between 
Kaston  and  Bethlehem  and  was 
jnished  in  each  direction  by  two  com- 
pletely equipped  crews.  About  t  mi. 
haM-  been  graded,  3  mi.  sub-graded 
and   about  SVo  mi.  concreted. 

Special  attention  has  been  given 
to  tlie  economical  arrangement  and 
distribution  of  materials.  The  stone 
is  loaded  directly  into  the  cars  of  the 
Easton  Transit  Co.,  at  Betlilehem, 
and  at  a  small  quarry  opened  by  the 
.state.  The  sand  for  tiic  road  is 
dredged  material  from  Succassunna, 
X,  J.  It  grades  from  thoroughly 
fine  to  pea  gravel,  and  having  been 
dredged,  is  very  clean.  The  stone 
used  is  Dolomite.  The  cement  is 
stored  in  portable  canvas  sheds  hold- 
ing 90  sacks  each.  These  are  placed 
at  measured  distances  along  the  road 
and  are  carried  ahead  as  they  are 
emptied.  Accurate  mensuring  of  the 
sand  and  stone  is  done  with  wood 
box-barrows  of  special  design  and 
of  3  cu.  ft.  capacity.  The  materials 
are  struck  oiF  with  a  shovel.  The 
box-barrow  is  shown  in  an  ,  accom- 
panying detail.     They  were  designed 


by  the  Assn.  of  Am.  Portland  Ce- 
ment Mfrs. 

One  No.  16  Koeliring  mixer-  of 
3-bag  batch  capacity  and  with  boom 
delivery  is  used  at  each  end  of  the 
concrete  work.  Side  forms'*  are  made 
of  6-in.  channels  in  12-ft.  lengths. 
They  are  held  in  place  by  steel  pins. 

The  finished  concrete  is  6"  thick 
at  the  sides  and  8'''  thick  at  the  cen- 
ter. It  is  laid  on  a  level  sub-gride, 
wliich  is  sprinkled  with  a  hose  be- 
fore the  concrete  is  placed. 

The  road  is  being  reinforced  with 
Xo.  25  Kahn''  road  mesh  in  sheets 
5'  2"  wide  and  in  lengths  of  6'  and 
10'.  It  is  laid  with  the  lengthwise 
joints  staggered  and  with  a  lap  of 
t"  transversely  and  12"  longitudin- 
ally of  roadway. 

The  expansion  joints  are  39'  6" 
apart,  made  by  tying  two  9-in.  x 
l6-ft.  strips  of  ^s-in.  Elastite^  to  a 
9-in.  X  l6-ft.  plate,  this  assembled 
form  being  securely  placed  with  the 


-Koeliring  Machine  Co..   Milwaukee 
=K.  D.  Bal<er  Co.,  Detroit 
■'Trus.setl    Coiiciete    Steel    Co..    Youn 
Oliio 
=PliiIip  Carey  Co..  Cincinnati.  Ohio 


[31] 


CONCRETE 


Figs.  2  and  3 — At  Left  Crushixg  Stoxe  axd  Fii.i.ixg  Side  Drains;  at  Right,  Box-ISaiuihw    ior  Accikate  AIeasiuixg  of  Con- 
crete Materials 


Elastite  next  the  slab  which  is  being 
finished.  Concrete  is  poured  on  both 
sides  of  the  joints.  That  on  the 
back  side  is  struck  off  and  the 
strings  are  cut  and  the  plate  pulled 
out  by  handles,  leaving  the  joint 
clear.  After  the  concrete  has  hard- 
ened for  2i  hrs.  the  joint  material 
is  trimmed  off  \'/'  above  the  con- 
crete  surface. 

The  concrete  crew  is  organized 
with  three  finishers,  two  men  who 
handle  both  strike  boards,  three  men 
placing  concrete  and  reinforcing, 
one  mixer  engineer,  one  fireman,  one 
charging  man,  two  men  on  forms, 
three  men  on  cement  and  from  eight 
men  to  12  men  on  stone  and  sand. 
Although  every  batch  is  mixed  90 
sec.,  a  crew  can  place  more  than 
eight  slabs  in  a  10-hr.  day.  making 
more  than  100  cu.  yds.  of  concrete. 
Seven  slabs  can  be  run  normally. 

CONSTRUCTION     FEATURES 

Prolonged  Mixing  —  Among  tlie 
construction  features  of  the  road  of 
special  interest  are  the  thorough 
compacting  and  under-draining  of 
the  sub-grade  and  the  strict  adher- 
ence to  established  grades.  Every 
batch  of  cement  is  mixed  I^/q  min. 
and  sufficient  water  is  used  to  make 
the  concrete  plastic,  so  that  it  does 
not  quite  level  down  in  the  discharge 
bucket. 

Joints — On  the  theory  that  cracks 
are  of  surface  origin  in  unreinforced 
concrete,  the  slab  length  has  been  in- 
creased to  39'  6".  The  steel  road 
mesh  reinforcement  placed  2I/2" 
from  the  top  of  the  slab  is  used  to 
eliminate  longitudinal  cricks  caused 
by  the  settlement  of  shoulders. 

Surface — An  extra  heavy  strike 
board,  followed  by  a  lighter  one,  in- 
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sures  the  thorough  compacting  of 
the  concrete  and  eliminates  the  for- 
mation of  rolls  in  the  surface.  The 
broomed  finish  has  been  discarded  in 
favor  of  the  wood  float.  At  the  ex- 
pansion joints  a  ^,j(;-in.  radius  edger 
is  used  and  at  the  sides  a  %-in. 
radius  edger.  This  is  expected 
largely  to   eliminate  chipping. 

Tesfs — Tests  of  eight  cubes  a 
week  are  taken  from  the  output  of 
each  mixer.  Cubes  are  tested  at  7 
das.,  14  das.,  28  das.  and  6  mos. 

Local  Materials  for  Aggregate — ■ 
Full  use  is  being  made  of  the  re- 
sources of  the  territory  through 
which  the  road  passes  in  order  to 
secure  the  cheapest  acceptable  road 
materials.  Road  machinery  in  the 
most  economical  units  is  also  being 
used.  The  trolley  line  parallel  witli 
the  road  distributes  the  cement,  sand 
and  stone.  At  the  small  quarry  mid- 
way between  Bethlehem  and  Easton 
two  portable  crushers  are  used  and 
the  bins  discharge  into  the  cars  on 
a  spur  from  the  trolley  line.  This 
quarry  is  supplementing  the  avail- 
able supply  of  commerciil  stone  and 
cutting  cost.  The  tailings  and  fine 
stone  from  the  crushers  are  used  in 
drainage  ditches  and  on  the  shoul- 
ders of  the  finished  road.  The  rock 
excavated  in  grading  is  crushed  in  a 
portable,  gasoline-driven,  coffee-mill 
crusher  and  is  used  to  cover  the  tile 
drains  laid  in  advance  of  concreting. 

After  the  rough  grading  is  done 
the  sub-grade  is  finished  and  rolled 
while  the  drains  are  being  put  in. 
The  concrete  crew,  the  finishins: 
crew  and  the  curing  work  follow  in 
order,  after  which  the  earth  used  to 
cover  the  concrete  is  utilized  by  the 
trimming-up  gang. 


Special  attention  is  paid  to  the 
proper  distribution  of  concrete  ma- 
terials and  rehandling  has  been 
practically  eliminated.  The  sand 
and  stone  cars  are  stationed  by  the 
foreman  at  measured  distances  from 
the  end  of  the  last  concrete.  The 
men  are  distributed  with  care  to  in- 
sure the  uniform  progress  of  each 
operation  from  the  rough  grading  to 
the  finishing  of  the  shoulders. 

Drainage — The  present  road  bed 
is  in  claj',  mostly  without  heavy  cuts 
or  fills.  All  fills  are  made  in  1-ft. 
layers  and  well  rolled  with  a  10-ton 
roller.  Adequate  longitudinal  and 
transverse  porous  tile  under-drains 
are  being  installed.  Corrugated  iron 
pipes  are  used  to  convey  water  un- 
der the  road  bed  where  necessary 
and  concrete  box-culverts  are  built  in 
advance  of  concreting  to  care  for 
small  streams  and  heavy  water- 
sheds. The  side  drains  are  of  4-in. 
porous  tile  and  are  laid  on  a  Y^'^'^- 
X  4-in.  board  to  maintain  an  even 
grade.  They  are  set  24"  below  sub- 
grade  and  laid  with  a  covering  of 
one-ply  tar  paper  wrapped  around 
each  joint,  with  no  lap  on  the  bot- 
tom. This  paper  contains  little  tar 
and  will  allow  easy  ingress  for  the 
water  at  joints.  This  method  is  con- 
siderably stronger  and  is  expected" 
to  last  longer  than  the  bagging  gen- 
erally used.  The  ditches  nre  back- 
filled with  tailings  from  the  crusher 
plant  and  with  stone  from  the  grade 
cuts.  The  cuts  and  fills  are  light, 
in  most  cases  little  more  being  done 
than  to  remove  the  old  surface.  This 
material  is  loaded  by  hand  and  dis- 
tributed in  dump  wagons. 

Sub-grade — Grade  stakes  are  set 
every   25'    and   the   sub-grade    accu- 
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sD  A   Hkavy   (BACKGRorxn)    Template    Ark    Used 
i.n  Concrete  with  Canvas,  Over  a  Frame 


rately  finished.  It  is  rolled  until  it 
no  longer  swells  under  the  roller. 
Although  an  effort  has  been  made  to 
spend  no  more  money  on  this  work 
than  the  saving  of  concrete  justifies, 
a  majority  of  the  slabs  have  been 
laid  with  less  than  4%  variation 
from  the  theoretical  volume,  and  sev- 
eral have  run  the  exact  computed 
j-ardage. 

Curing  —  The  fresh  concrete  is 
covered  with  canvas.  A  strip  of  can- 
vas 19'  wide  and  50'  long  is  rolled 
around  a  length  of  2-in.  pipe. 
Frames  are  then  stuck  in  the  shoul- 
der of  the  road  on  each  side,  being 
supported  by  the  steel  strap  stakes 
bent  at  intervals  around  the  2-in.  x 
3-in.  wood  runners  of  the  frame. 
Across  the  road  12'  to  IV  apart  are 
laid  2-in.  x  3-in.  pieces,  17'  long, 
resting  on  the  frames  on  each  side. 
Canvas  around  the  pipe  is  then  laid 
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across  the  road  and  unrolled  over 
the  frame.  This  device,  worked  out 
by  the  engineers  of  the  Pennsyl- 
vania State  Highway  Department, 
can  be  taken  up  and  reset  in  a  short 
time  and  is  especially  useful  during 
rainy  weather.  It  keeps  the  canvas 
in  good  condition  and  prevents  it 
from  being  dragged  over  the  ground 
or  the  green  concrete. 

Under  a  very  hot  sun  the  fresh 
concrete  is,  as  stated,  protected  by 
the  canvas.  On  cool  days  it  is  sim- 
ply wet  occasionally  with  a  hose. 
After  21  hrs.  the  forms  are  removed 
and  the  surface  covered  with  a  few 
inches  of  earth.  This  is  wet  night 
and  morning  for  10  das.  and  after 
14  das.  it  is  removed  and  placed  on 
the  side  slopes  as  needed.  All  traf- 
fic is  kept  oiF  the  sub-grade  and  the 
delivery  of  materials  by  trolley  line 
makes   it  unnecessarv   for  even  con- 


struction wagons  to  use  the  sub- 
grade  when  finished.  This  also 
keeps  the  rollers  about  a  half  mile 
in  advance  of  the  concrete  crews. 

Cement  Skelters  —  Eighteen-oz. 
canvas  stretched  tight  and  tacked 
with  roofing  nails  over  a  frame  of 
2-in.  X  4-in.  studs  and  1-in.  plank 
makes  a  %vaterproof  portable  cement 
house,  which  has  solved  the  cement 
storage  problem  and  eliminated  re- 
handlinir. 


P^iG.  + — Use  of  Split  Float 

Fig.    5 — Use    of   Edger    Xext   to  Joint 

Filler — Xew   Coxstructios   Feateue 

Fig.  6 — Use   of  Edger  Xext  to  Side 

Forms 
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Construction  Methods  on  the  Toronto- 
Hamilton  Concrete  Hii^^hway 


Fig.  9 — Details  of  "Box-Barrow" 


Tlie  road  is  being  built  under  the 
direction  of  W.  D.  Uhler,  chf.  engr. 
of  the  Pennsylvania  State  Highway 
Dept.,  and  George  H.  Biles,  Second 
Deputy  Highway  Commr.  J.  T. 
Gejihart,  Jr..  is  acting  engr.  of  tlie 
district  and  J.  E.  Sampson,  sujjt. 


Test  of  Concrete  Piles  at 
Long  Island  City 

An  interesting  test  of  pedestal 
concrete  piles^  has  just  been  carried 
out  at  the  foundation  of  a  building 
for  the  American  Druggists  Syndi- 
cate, Long  Island  City.  X.  Y. 

Complying  with  the  wish  of  the 
building  department  of  the  Borough 
of  Queens,  a  group  of  four  concrete 
piles  were  driven  on  3-ft.  centers 
through  a  soil  consisting  of  a  sur- 
face fill  of  trash  underlaid  by  a 
thick  stratum  of  marshy  muck  into 
hard  sand.  Each  pile  was  approxi- 
mately 20'_  long  and  was  driven  to 
a  resistance  of  8  blows  per  in.  with 
a  No.  2  Vulcan  steam  hammer. " 
Standard  methods  and  equipment 
were  used  and  the  total  time  re- 
quired to  drive  the  four  piles  was 
2  hrs.  ■  As  shown  by  the  illustra*^ion. 
the  piles  were  excavated  to  a  depth 
of  about  11'  in  order  to  allow  com- 
plete inspection.  It  will  be  noticed 
that  the  piles  are  straight  and  cyl- 
indrical and  of  uniform  cross-sec- 
tion, and  that  the  spacing  has  been 
maintained  throughout  their  depth. 

•Mac.\rtliur  Concrete  Pile  and   Foundation 

Co.,  N.  y.  c. 

'Vulcan  Iron  Wks.,  Wilkesbarre,  Pa. 


Excavation    Exposes  Concrete   Piles 


The  confitructtnn  of  the  To- 
ronto-Hamiltun  Highzcai/  is 
of  special  interest  because  it 
is  fin  unusuallfi  loii^'  stretch  of 
road  to  he  under  construction 
icith  concrete  at  one  time,  tcilh 
ivork  being  carried  on  from 
four  points,  using  an  indus- 
trial raihcai/  for  Jiauling  lua- 
terifils.  The  accompani/inf^ 
data  came  to  Concrete  from 
H.  S.  Van  Scoi/oc.  chf.  engr., 
Toro  n  t  o-IIa  m  ilto  n  High  rcai/ 
Commission.  Mr.  Van  Scoi/oc 
is  to  present  a  paper  at  the 
convention  of  the  Am.  Con- 
crete Institute  in  Chicago  this 
month,  ccith  special  reference 
to  the  dap  labor  plan  on  tlie 
construction  of  this  road. 


The  Toronto  and  Hamilton  High- 
way Commission  is  constructing  a 
concrete  highway  from  the  city  lim- 
its of  Toronto  (a  city  of  over 
r)()(),000  population)  to  the  city  lim- 
its of  Hamilton  (having  a  popula- 
tion in  excess  of  100.000),  these 
two  cities  being  the  largest  in  the 
Province  of   Ontario. 

Although  the  highway  had  been 
contemplated  for  some  time,  it  was 
begun  as  a  relief  measure  to  provide 
work  for  the  unemployed  in  the  two 
cities  and  in  the  territory  through 
which  the  road  passes.  For  this  rea- 
son it  is  being  carried  forward  on 
a  day  labor  basis. 

The  money  is  provided  by  tlie  is- 
suing of  debentures  guannteed  by 
the  provincial  government,  which 
will  be  replaced  at  the  end  of  five 
years,  when  the  Commission  receives 
a  share  from  each  municipality  as 
shown  by  the  construction  costs. 
The  city  of  Toronto  has  contributed 
.'Sl.^O.OOO  and  the  city  of  Hamiltin 
.*30,000.  The  provincial  government 
has  contributed  not  to  exceed  $K000 
per  mi.  of  highway  and  the  vnrious 
municipalities  traversed  by  the  road 
are  contributing  on  the  basis  of 
irl.OOO  jier  mi.  The  remaining  cost 
is  to  be  provided  for  on  a  frontage 
assessment. 

The  standard  section  of  concrete 
is  18'  wide,  the  thickness  at  the  eds:e 


being  ()"  and  at  the  center,  814"- 

In  order  to  carry  out  the  work, 
three  yards^  have  been  constructed, 
one  at  Port  Credit,  one  at  Oakville 
and  one  at  Waterdown,  from  which 
the  materials  are  being  distributed 
on  the  liighway  by  an  industrial 
railwa}-. 

U|)  to  November,  grading  on  30 
nil.  of  the  highway  had  been  com- 
pleted and  about  15  mi.  of  concrete 
lias  been  placed.  The  right  of  way 
over  the  highway  is  at  least  66' 
wide.  Ditches  have  been  given  a 
slope  of  IY2  to  1.  The  maximum 
grade  is  4%  and  the  radius  of  the 
sliarpest  curve  is  in  excess  of  200'. 
The  concrete  is  being  mixed  in  six 
cube  mixers,  five  of  them  having 
'  u-yd.  capacit}-  and  one  of  them  hav- 
ing yj-yd.  capacity. 

Investigation  showed  that  the  av- 
erage haul  would  likely  be  about 
3  mi.,  with  the  extreme  being  about 
8  mi.  Team  hauling,  motor  truck 
liauling,  tractor  with  trailers  and  in- 
dustrial railway  were  all  considered. 
As  tlie  hauling  would  all  have  to  be 
done  over  unimproved  roads,  a  great 
many  of  them  sand  roads,  and  oth- 
ers clay,  it  was  felt  that  the  advan- 
tage would  lie  with  the  industrial 
outfit. 

Locomotives,  three  in  number,  are 
of  the  Continental  type,'^  and  there 
are  120  dump  cars  of  36  cu.  ft. 
capacity,  21-gauge.-  Track  sections 
with  rails"  and  steel  ties*  were  as- 
sembled in  the  Commission's  own 
yards. 

The  Commission  purchased  five 
cube  mixers.  As  far  as  possible 
tliese  machines  were  made  in  To- 
ronto, although  some  of  the  parts 
were  shipped  from  Chicago  and  as- 
sembled in  Toronto.  These  machines 
are  all  of  the  %-yd.  size,  holding 
22  cu.  ft.  of  loose  material.  In  ad- 
dition the  Commission  has  had  the 
use  of  one  5^-yd.  paver,  the  prop- 
erty of  the  Dcp-irtment  of  Public 
Works  for  Ontario. 

The  sub-grade  is  flat  for  the 
standard  width  of  18'  and  slightly 
crowned  on  widths  greater  than  18', 


^Canadian  H.  K.  Porter  Co.,  Toronto  (H. 
K.   Porter  Co.,  PittslnirKli) 

^Dominion  Wlieel  &  Foundries  Ltd.,  Toron- 
to, Ont. 

=Algoma  Steel  Co.,  Sault  Ste.  Marie,  Ont. 

"V.  S.  Steel  Products  Co.,  Toronto,  Ont. 

'Lecky  &  Gollis,  Toronto,  Ont. 
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to  avoid  cxccssivi-  tliii-kiiiss  of  coii- 
iTctc  in  tlic  cciitir  in  ni.-iint.iinint; 
the  crown. 

The  .specifications  retjiiirc  that, 
where  the  sub-grade  is  impervious,  it 
shall  have  a  l-in.  covering  of  per- 
vious material  before  finishing  to  re- 
ceive the  concrete. 

Tlie  road  is  ixing  reinforced 
where  wider  tlian  18'  and  over  espe- 
cially poor  sub-gr.ide. 

Concrete  is  made  from  hard, 
tough  limestone,  showing  a  satisfac- 
tory abrasive  test,  of  a  size  to  pass 
a  2-in.  ring  and  be  retained  on  a 
y.l-in.  screen;  coarse  sand  and  Can- 
ada Portland  cement."  Proportions 
in  general  are  ]:l'j:3,  with  slight 
variations,  depending  upon  grading 
of  stone,  but  with  never  more  than  a 
slight  excess  of  mortar  in  the  mix. 
Water  is  brought  by  the  Commis- 
sion's own  pipe  line  .md  puni|)S  from 
Lake  Erie. 

Concreting  has  bi'en  carried  on 
from  four  ))oints,  in  one  case  three 
of  the  mixers  working  from  one  of 
the  bases.  For  the  roadway  proper, 
six  concreting  gangs  have  been  em- 
ployed and  for  the  culvert  work 
three  additional  gangs. 

The  industrial  railway  does  not 
bring  uj)  the  materi.il  in  (juantities 
for  batches.  Sand  and  stone  are 
dumped  on  the  grade  and  reliandled. 

A  gang  is  organized  about  as  fol- 
lows: Behind  the  mixer,  shovelers 
and  wheelers  handle  the  sand  and 
stone  from  the  sub-grade  to  the  load- 
ing skip. 

Each  batch  is  left  in  the  drum  for 
at  least  15  sec.  although  no  special 
timing  device  is  used  on  the  mixer. 

A  rather  stiff  consistency  is  de- 
sired which  will  flow  freely  into 
place  but  in  which  there  is  not  any 
tendency  for  the  coarse  aggregate 
to  separate  from  the  mass  of  con- 
crete. 

The  concrete  is  deposited  by  boom 
and  bucket,  the  bucket  being  of  the 
overturning  rather  than  the  bottom- 
dumping  type. 

After  being  deposited  it  is  leveled 
by  means  of  hoes  and  spades,  a 
strike-board  passed  over  it,  first 
.  with  a  tamping  action  -  and  again 
with  the  intention  of  giving  it  the 
correct  crown  and  following  that, 
two  floaters  working  from  bridges 
complete  the  finishing  operation. 

In  handling  the  strike-board,  it  is 
worked  forward  to  within  3'  of  a 
transverse  joint,  when  all  excess  ma- 
terial is  removed  and  the  strike  is 
then  lifted  to  the  joint  and  worked 
backward — not  toward  the  joint. 
The    specifications    call    for    special 


care  in  getting  .i  good  concrete  6" 
each   side   of  a  joint. 

.foints  arc  placed  every  35'.  The 
filling  material  consists  of  a  bitumin- 
ous material  enclosed  in  felt  im- 
pregnated with  a  bituminous  mix- 
ture. The  strips  of  material  are 
about  '4"  thick."  No  nu'tal  jirotec- 
tion  plates  are  being  used. 

Wood  floats  are  used  in  finishing 
and  the  specifications  rc(juire  that 
the  finisiiing  shall  be  completed  just 
as  the  concrete  is  beginning  to 
"catch." 

At  the  joints  a  split  taiu|)er,  as 
well  as  a  split  float,  is  being  used 
in  an  endeavor  to  have  both  sides 
of   the   joint  at   the   same   elevation. 

Steel  side  forms  are  placed  and 
removed  by  a  special  gang,  which 
also  does  fine  grading  some  distance 
ahead  of  the  mixing  gang,  prepar- 
ing the  sub-grade  to  receive  the  ma- 
terials. This  same  gang  usually 
lilaces  the  covering  material  for  cur- 
ing purposes.  In  warm  weather  the 
work  has  been  covered  with  tarpau- 
lins carried  on  frames,  just  as  soon 
as  a.  section  h.is  been  floated. 

After  21  hrs.  a  2-in.  covering  of 
earth  has  been  used,  the  earth  being 
sprinkled  a  number  of  times  each 
day  for  a  period  of  10  das.  The 
earth  jiroteetion  remains  in  place  un- 
til the  road  is  opened  for  traffic,  a 
period  of  at  least  21   das. 

Up  to  the  present  no  hydrated 
lime  has  been  used  in  the  mixture 
but  probably  a  small  section  will  be 
laid  with  hydrated  lime  during  the 
next  year's  work. 


'Canada  Cement  Co..  Ltd 
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Portland    Cement    or   Plaster 

Mixtures  Modeled  by  Xew 

York  Sculptor 

A  patent  has  been  applied  for  by 
Angelica  Schuyler  Church,  a  sculp- 
tress of  N.  Y.  C,  on  a  new  method 
of  direct  modeling  with  plaster  or 
Portland  cement.  Instead  of  model- 
ing in  clay  built  up  on  a  supporting 
framework,  necessitating  reproduc- 
tion of  the  model  in  a  mold  in  which 
the  final  statue  is  cast,  iliss  Church 
builds  up  her  framework  of  wire 
mesh,  rods  and  heavy  wire  and  ap- 
jjlies  the  cement  or  plaster  mixture 
directly  on  this,  modeling  it  in  place. 
While  modeling  directly  in  a  Port- 
land cement  mi>d:ure  is  not  entirely 
new,  as  this  magazine  has  illustrated 
some  of  the  work  at  various  times 
and  for  several  years  back,  !Miss 
Church  claims  to  have  worked  out 
some  new  methods  for  handlinar  the 
mixture  which  facilitate  work  of  this 
kind.     On  very  large  work  the  mod- 

■Bird   &   Son,    Hamilton.  Ont. 


cling  is  done  in  sections  and  the 
])ieces  afterwards  assembled.  This 
is  im))ortant  when  a  statue  has  to  be 
shipjied  a  considerable  distance. 
Miss  Church  says  she  has  overcome 
the  difficulty  usually  attending  upon 
making  changes  in  work  modeled  in 
concrete  and  applying  a  new  fresh 
mixture  to  an  old  mixture  already 
hardened. 


Large  Cavity  ix  Willow  Tree  Filled 
WITH  Concrete 

Tree    Dentristry 

The  accompanying  illustration 
shows  a  job  of  tree  surgery  or  tree 
dentistry  done  at  Grosse  Pointe 
Farms,  Detroit,  Mich.,  by  the  Walk- 
er Tree  Expert  Co.,  Detroit.  The 
crivity  in  this  large  willow  was  6' 
high  and  nearly  3'  wide  at  the  wid- 
est part.  A  man  could  easily  stand 
inside  the  trunk  and  it  required 
2.700  lbs.  of  mortar  to  fill  the  cav- 
ity. 


Effects  of  Oil  on  Concrete 

In  reference  to  the  effects  of  lub- 
ricating oils  on  machinery  founda- 
tions of  concrete,  discussed  by 
Leonard  C.  Wason  and  William  M. 
Kinney,  p.  Sll  of  the  Dec.  lp!5. 
issue  of  Concrete  and  referring  to 
the  effects  of  oils  on  concrete  in 
general,  attention  is  called  to  a 
pamphlet  entitled.  "The  Effects  of 
Oils'  on  Concrete,"  published  by  the 
Security  Cement  &  Lime  Co.,'  an 
abstract  of  current  technical  litera- 
ture published  in  the  interests  of  ce- 
ment users,  made  by  Arthur  C. 
Hewitt,  engr.  for  the  company. 

*Haiiersto\^'n,  Md. 
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Three  Dams  of  Power  Project  Involve 
Interesting  Design  and  Construction 


Bv  E.  Lauchli^ 


The  three  structures  de- 
scribed in  this  article  are  part 
of  the  100,000-h.p.  Tullulah 
Falls  development  for  the 
Georgia  Raihvay  &,  Power 
Co.,  at  Tallulah  Falls,  Ga. 
They  involve  three  radically 
different  engineering  prob- 
lems, including  a  100- ft  grav- 
ity section  concrete  dam,  a  90- 
ft.  main  storage  dam,  630' 
long,  of  the  slab  and  buttress 
type,  and  a  reinforced  con- 
crete cut-off  dam,  which,  on 
account  of  the  soil  conditions, 
involves  iinusual  foundation 
ti'eatment. 


INTAKE    DAM 

This  structure,  of  gravity  section, 
serves  the  double  duty  of  adding 
100'  to  the  natural  head  of  500' 
and  of  raising  the  water  to  the  12-ft. 
by  14-ft.  tunnel  through  the  solid 
rock,  6,665'  to  a  forebay  or  surge 
reservoir,  at  the  head  of  the  pen- 
stocks. It  also  forms  a  storage 
basin  ]l/2  mi.  long.  The  drainage 
area  above  the  dam  is  192  sq.  mi.. 
most  of  which  is  well  timbered  and 
with  steep  slopes.  Tlie  annual  rain 
fall  varies  from  70"  to  80".  During 
construction  tlie  river  flow  has  varied 
from  200  sec.-ft.  to   15.000  sec.-ft. 

Before  making  any  decision  as  to 
the  type  of  structure,  due  considera- 
tion was  given.  (1)  to  a  concrete 
dam  of  the  arch  type;  (2)  a  rein- 
forced concrete  buttressed  dam ; 
(3)  a  gravity  masonry  dam.  Un- 
certainty as  to  the  behavior  of  the 
strata  at  the  upper  part  of  the  dam, 
when  subjected  to  horizontal  thrust, 
eliminated  the  first  type,  and  the  un- 
usually favorable  location  of  a 
quarry,  eliminating  costly  transpor- 
tation and  handling  charges,  togeth- 
er with  the  good  foundations  avail- 
able for  a  gravity  dam,  showed  the 
cost  of  a  reinforced  concrete  but- 
tressed dam,  even  without  down- 
stream apron,  to  be  greater  than  the 
gravity  section. 

'Civ.  and  Hyd.  Engr.,   N.  Y.  C. 
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Fig.  1 — Sketch  Showing  the  Relative 
Locations  or  the  Dams  Described 


The  design  selected  is  illustrated 
by  Fig.  4.  The  dam  carries  a  liigh- 
way  bridge  with  a  12-ft.  roadway, 
made  up  of  plate  girders,  embedded 
in  concrete,  designed  to  carrj',  in  ad- 
dition to  the  dead  load,  a  live  load 
of  100  lbs.  per  sq.  ft.,  and  the  rein- 
forced concrete  floor  is  designed  for 
a  concentrated  wheel  load  of  8  tons. 
The  spillway  and  the  two  5-ft. 
sluiceways  have  a  total  discliarge 
capacity  of  20,000  sec.-ft.  The 
crest  is  equipped  with  automatic 
flashboards  28'  long  and  6'  high, 
hinged  at  the  dam's  crest.  Each 
flashboard  is  provided  with  a  heavy 
cylindrical  reinforced  concrete  coun- 
terweight located  above  water  and 
rolling  on  a  curved  track  at  the 
bridge  pier  (Figs.  4  and  5). 

The  dam  is  designed  as  a  gravity 
structure,  its  curve  to  a  900-ft.  rad. 
being  disregarded  entirely  in  all 
calculations  of  stability.  No  pro- 
vision is  made  for  upward  hydro- 
static   pressure,    but,    to    off'set    this 


Fig.  2 — The  Ixtake  Dam,  Showing  Quahey  and  Location  of  Derricks 
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Fig.   3 — Di.igham   of   Plant  Layout   at 
Intake  Dam 


possibility,  the  weights  of  the 
bridge,  piers,  flashboards  and  coun- 
terweiglits  are  not  taken  into  ac- 
count in  the  consideration  of  the 
stability  of  the  structure  against 
overturning,  sliding  or  shearing. 
With  the  reservoir  at  maximum  ele- 
vation, there  is  no  tension  in  the  up- 
stream side  of  the  dam,  and  the 
maximum  compression  at  the  toe 
does  not  exceed   12  tons   per  sq.   ft. 

FORMS    AND    CONCRETE 

The  curvature  of  the  dam  was 
made  such  as  to  avoid  the  use  of 
curved  wooden  forms  during  con- 
struction, and  offsets  of  6"  were  pro- 
vided every  10'  at  the  upstream  side 
to  provide  a  seat  for  the  forms, 
which  were  4'  wide,  12'  long,  and 
made  up  of  4-in.  x  6-in.  studs  and 
2-in.  X  10-in.  lagging.  The  forms 
were  held  in  place  by  %-in.  round 
rods  hooked  up  in  holes  drilled  in 
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the  "plums."  Tlic  specifications 
called  for  "plums"  or  stones  as  large 
as  could  be  handled  by  derricks,  to 
be  embedded  in  1 :3 15  concrete,  the 
plums  to  be  spaced  not  less  than  6" 
apart,  and  be  kept  12"  from  any 
face  of  the  slructurc.  The  percent- 
age of  plums  is  to  be  at  least  30% 
of  the  mass.  During  construction, 
estimates  showed  that  in  the  lower 
part  of  the  dam  this  percentage  was 
about  SS,  and  the  average  of  the  en- 
tire structure  3i%.  Before  being 
laid,  the  plums  were  thorouglily 
cleaned  of  earth  and  loose  materials 
and  washed;  they  were  then  laid 
over  a  bed  of  about  12"  of  very  wet 
concrete.  Concrete  was  tlien  poured 
and  well  spaded  around  and  between 
the  plums  and  brought  to  within  1' 
of  their  tops,  so  as  to  provide  ade- 
quate keying  for  the  next  layer  of 
masonry.  Before  laying  new  con- 
crete, the  concrete  laid  previously 
was  picked  and  washed  under  a 
■water  jet. 

As  shown  at  Fig.  2  a  quarry  site 
was  available  200'  downstream  from 
the  dam,  necessitating  no  transpor- 
tation except  handling  with  der- 
ricks. No  sand  being  available, 
crusher  product  was  used,  screened 
so  as  to  reject  all  particles  over  \/i" 
diam.  Royal  Portland"  cement  was 
sold  the  sub-contractor  by  the  gen- 
eral contractor,  at  the  railroad  sid- 
ing at  .$1.80,  less  10  cts.  for  sacks. 
He  was'  also  furnished  free  of  cost 
1,000  eu.  ft.  of  air  per  min.  at  100 
lbs.  pressure,  as  well  as  electric  cur- 
rent for  lighting  purposes.  The  fol- 
lowing quantities  of  materials  were 
involved  in  the  construction  of  the 
dam:  excavation,  10,600  cu.  yds.; 
Cvelopean  masonry,  ,"39,200  cu.  yds. 
The  contract  price  for  excavation, 
including  strippinsj,  earth  excava- 
tion, rock  excavation,  wet  or  dry, 
■was  ifL.'iO  per  cu.  yd.  The  contract 
price  for  Cyelotiean  masonrv.  con- 
crete in  the  bridge  piers  and  abut- 
ments, was  $'1.80  per  cu.  yd.  The 
setting  of  gates  and  steel  girders, 
and  the  reinforced  concrete  was  paid 
for   separately   as   extra   work. 

CONSTRUCTION    PLANT 

The  construction  plant  was  laid 
out  as  shown  in  Fig.  3,  and  con- 
sisted of  the   following  equipment: 

1  200-h.  p.  Hardie  Tvnes  Corliss 
engine,  1  150-h.  p.  and  2  80-h.  p. 
boilers,  1  Allis-Chalmers  No.  8  gyra- 
tory crusher,^  1  Allis-Chalmers  No. 
5  gyratory  crusher,'  1  set  of  14-in. 
X  36-in.  sand  rolls,  3  steel  derricks,'' 
115-ft.  mast,  100-ft.  boom,  15-ton 
cap.,  30-h.  p.  steam  engine;  1  wood- 

'Dixie    Portland    Cement    Co.,    Chattanooga, 
Tenn. 
'Allis-Chalmers  Co.,  Milwaukee 
*.\m.   Hoist  and  Derrick  Co.,  St.   Paul 
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Fig.  4 — Elevation,  Section,  Also  De- 
tail OP  Flashboahos  and  '  Highway 
Bridge 

en  derrick,  65-ft.  mast,  70-ft.  boom, 
18-h.  p.  engine;  18  7-ft.  x  2-ft.  x 
9-ft.  steel  skips,  3  2-cu.  yd.  concrete 
buckets,  1  2-cu.  yd.  Austin  cube  mix- 
er,'' 1  Duplex  steam  pump, 

CONSTRUCTION 

Excavation  at  the  bottom  of  the 
east  half  of  the  dam  was  started  in 
Aug.,  1911,  cofferdam  No.  1  (Fig. 
3)  having  been  previously  built  for 
the  purpose  of  diverting  the  river  to 
the  west  half  of  tiie  channel.  The 
excavation  in  the  east  half  averaged 
5'  in  depth,  the  maximum  being  10' 
below  the  original  river  bed.  Solid 
rock  of  extremely  hard  character 
was  encountered  throughout,  thus  in- 
volving little  trouble  in  securing 
adequate  and  very  secure  founda- 
tions. The  first  concrete  was  laid 
in  Oct.,  1911,  and  the  east  half  of 
the  dam  was  carried  up  about  40' 
above  the  foundations.  Cofferdam 
No.  2  ■was  then  thrown  across  the 
west  half  of  the  channel,  one  end 
being  supported  by  the  finished  sec- 
tion, the  other  by  the  side  of  the 
gorge.  The  river  was  then  diverted 
through  an  opening  or  tunnel  9'  x 
10'  in  the  east  half  of  the  then  com- 
pleted part  of  the  dam.  A  deflection 
cofferdam  was  built  downstream 
parallel  to  the  channel,  to  prevent 
water  from  filling  the  excavation  at 
the  west  side,  the  foundation  exca- 
vation being  carried  some  20'  below 
the  river  bed.  Concrete  was  laid  on 
this  side  of  the  structure  beginning 
Feb.,  1912.  In  March,  a  flood  of 
12,000  see.-ft.  took  place,  and  the 
opening  in  the  east  half  of  the  dam 
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being  inadequate  to  handle  the  river, 
water  rose,  passing  over  cofferdam 
No.  2,  then  about  30'  high,  taking 
away  some  of  the  forms  at  the  toe 
of  the  west  half  and  about  250  cu. 
yds.  of  new  masonry.  Little  dam- 
age was  done  otherwise  and  work 
proceeded  without  serious  accident 
or  delay. 

From  elevation  1,475  to  the  crest, 
the  structure  -was  carried  up  through- 
out at  the  same  level.  To  prevent 
cracks  from  developing  at  the  crest, 
12  lines  of  steel  rails  were  laid 
longitudinally,  6"  from  the  face  and 
4'  o.  e.  over  and  along  the  crest  and 
down  20'  on  the  sides  of  the  struc- 
ture. 

The  lower  opening  was  closed  by 
dropping  a  heavy  timber  bulkhead  in 
front  of  the  opening,  and  a  4-in. 
drain  pipe  was  provided  at  the  bot- 
tom of  the  tunnel,  thus  enabling  it 
to  be  filled  with  concrete  without 
annoyance  from  leakage  of  the  bulk- 
head. A  pocket  left  above  the  open- 
ing enabled  the  voids  left  at  the  top 
of  the  tunnel  to  be  grouted  under 
pressure.  Pending  completion  of  the 
dam,  water  ■was  then  diverted  through 
two  9-ft.  X  10- ft.  openings  40'  above 
the  first  opening.  These  proved  very 
serviceable,  when,  in  Mar.,  1913,  a 
flood  of  15,000  see.-ft.  (largest  flood 
recorded)  caused  the  pond  level  to 
rise  to  elevation  1,459,  i.  e.,  to  with- 
in 2'  of  he  sills  of  the  intake  gates, 
at  a  time  when  both  intake  and  tun- 
nel were  still  under  construction. 
These  openings  were  finally  closed 
in  a  manner  similar  to  that  used  in 
closing  tiie  lower  opening.  Aug.  1 1 
the  two  5-ft.  sluice  gates  were  closed, 
and  water  reached  the  dam  crest  on 
the  next  day. 

During  construction,  the  force  at 
the  quarry  consisted  of  50  men  and 
2  foremen,  -while  at  the  dam  a 
foreman  and  10  men  were  at  the 
mixer.  Placing  of  Cyclopean  ma- 
sonry necessitated  a  foreman,  3  der- 
rick men  and  6  concrete  men.  After 
the  standard  wooden  forms  had  been 
made  so  as  to  be  used  over  and  over 
again,  placing  and  removing  of 
forms  required  a  force  of  9  carpen- 
ters. Four  men  worked  in  the  black- 
smith and  machine  shops,  and  there 
was  one  timekeeper  and  one  super- 
intendent. Ten  hrs.  were  worked 
each  day,  except   Sunday. 

Two  derricks  handled  the  rock 
from  the  quarry  to  the  crusher,  and 
two  derricks  placed  the  Cyclopean 
masonry  and  handled  the  forms. 
The  rock  was  quarried  at  a  cost  of 
about  ifl.OO  per  eu.  yd.  About  1,000 
cu.  yds.  of  masonry  were  laid  per 
wk.  Durinsr  construction,  the  tem- 
perature at  the  dam  site  varied  from 
10°  F.  to  120°  F.,  yet  only  one  tem- 
perature crack  developed,  which  was 
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in  the  third  bay  at  the  east  end  of 
the  dam,  extending  about  20'  down 
from  the  crest. 

Immediately  after  water  had 
reached  the  crest,  and  at  a  time 
when  the  masonry  had  not  yet  taken 
the  temperature  of  the  water,  the 
liorizontal  downstream  displacement 
of  the  arch  crown  due  to  the  thrust, 
at  tlie  crest,  was  measured  and  found 
to  be  Ys"-  iSIeasurements  taken  2 
mos.  later,  when  the  structure  had 
cooled,  showed  a  deflection  of  Yi". 

Two  structures  were  huilt  in  con- 
vection with  the  Tnllulah  Falls  De- 
velopment storage  reservoir,  which 
has  a  total  capacity  of  1,835,000 
cu.  ft.  It  is  9  mi.  long,  and  was 
formed  hy  throwing  a  reinforced 
concrete  buttressed  dam  650'  long 
and  90'  high  across  the  Tallulah 
River,  near  Lal-emont,  Ga.,  G  mi. 
above  the  intale  dam  just  described, 
and  by  closing  a  gap  or  depression 
by  a  cut-off  dam.     (See  Fig.  1.) 

The  cut-off  dam  of  reinforced 
concrete  (Fig.  6)  is  330'  long  be- 
tween core  walls  and  is  4;"/  high 
above  the  original  surface  of  the 
ground.  A  feature  is  the  deep  cut- 
off wall,  and  the  fact  that  about  half 
the  concrete  yardage  is  below  ground 
surface. 

DESIGX 

Several  kinds  of  structures  were 
considered  to  close  this  gap :  an  earth 
dike  with  reinforced  concrete  core 
walls;  abandoned  for  the  reason 
that  the  material  suitable  for  an 
earth  dam  was  not  available.  A  ma- 
sonry dam  of  the  gravity  type  was 
out  of  question,  owing  to  lack  of 
adequate  foundations.  The  design 
for  a  reinforced  concrete  structure 
was  then  prepared,  with  a  cut-off 
wall  10'  to  15'  deep,  and  buttresses 
resting  on  spread  footings.  While 
this  design  was  being  elaborated,  test 
pits  sunk  at  various  points  of  the 
.proposed  cut-off  wall  revelled  the 
facts  that  rock  was  not  available  ex- 
cept at  great  depth,  and  that  the  ma- 
terial penetrated  was  chiefly  sand 
mixed  with  a  little  clay.  The  de- 
sign of  the  dam  as  constructed  em- 
ploys buttresses  spaced  18'  o.  c..  and 
instead  of  spreading  the  footings,  a 
•continuous  mattress,  heavily  rein- 
forced with  steel  bars"  was  provided, 
its  duty  being  (l)  to  reduce  the  pres- 
■sure  on  the  sub-soil:  (2)  to  avo'd 
unequal  settlement;  (.S)  to  prevent 
the  buttresses  on  the  side  slopes 
from  moving  sideways;  (4)  to  in- 
crease the  stability  of  the  structure 
against  sliding,  due  to  water  pres- 
sure acting  on  the  deck  (Fiir.  7). 
The  pressure  on  the  foundation  is 
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Fig.    5 — Automatic    Fl.\shboabds    with 
Reixfohced  Con'crete  Counterweights 


Fig.  C — The  Cit-ofi 


Fig.  7 — Sectiok  of  Cut-off  Dam  asd 
Wall 

uniform  with  reservoir  empty;  with 
water  at  elevation  1,692  (a  pro- 
vision of  3'  above  normal  being  made 
for  wave  action),  the  pressure  at  the 
heel  and  tlie  toe  of  the  dam  is  .920 
lbs,  and  1,370  lbs.  per  sq.  ft.,  re- 
spectively. The  friction  coefficient 
against  sliding  is  .4'7.  In  order  to 
increase  further  the  stability  of  the 
structure  against  sliding,  two  longi- 
tudinal reinforced  concrete  ribs  were 
provided  at  the  toe  and  at  the  center 
of  the  lower  side  of  the  mattress. 
The  latter  rib  is  reinforced  with  1-in. 
steel  bars  placed  so  as  to  take  care 
of  positive  and  negative  moments, 
and  near  the  buttresses  the  depth  of 
the  mattress  is  increased  to  take  cire 
of  shearing  stresses.  Care  was  ex- 
ercised in  making  provision  that 
would  exclude  the  possibility  of 
water  finding  access  under  the  mat- 
tress and  to  effect  this  the  cut-off 
wall  was  carried  deep  into  the 
ground  and  the  junction  point  of  tlie 
mattress  with  the  cut-oft'  wall  and 
the   deck    was    provided    with    ample 


reinforcement.  However,  as  the 
structure  is  not  designed  to  resist 
upward  hydrostatic  pressure,  and  in 
order  to  provide  for  unforeseen  con- 
tingencies, weep  holes  have  been  pro- 
vided through  the  mattress. 

CONSTRUCTION 

Buttresses  are  made  of  1  :3:()  con- 
crete; the  specifications  allowed  300 
lbs.  per  sq.  in.  for  concrete  in  com- 
pression and  100  lbs.  for  shear. 
From  the  mattress  up  to  elevation 
1,670,  the  buttresses  are  16"  thick 
and  above  that  elevation  14". 
Though  a  thickness  of  10"  would 
have  been  ample  at  the  top  to  resist 
the  stress,  it  was  found  advisable  to 
increase  the  thickness  so  as  to  pro- 
\  ide  ample  room  to  place  the  steel 
and  to  spade  the  concrete.  At  cross- 
strut  points,  the  buttresses  are  rein- 
forced with  vertical  and  with  hori- 
zontal rods.  When  pouring  one  of 
the  last  buttresses,  a  mixture  of 
1  :2 :4  concrete  was  used  and  it  was 
found  that  economy  in  labor  would 
result  by  using  a  rich  mixture  for 
work  of  this  kind,  as  much  spading 
and  finishing  could  thereby  be 
avoided. 

Decks  are  1  :2 : 1  concrete,  unit 
stresses  of  600  lbs.,  60  lbs.  and 
14.000  lbs.  per  sq.  in.  being  allowed 
for  concrete  in  compression  and 
.shear  and  for  tension  in  steel,  re- 
spectively. Reinforced  concrete 
structures  of  this  type  are  of  rela- 
tivelv  recent  design;  few  data  are 
available  as  to  the  behavior  of  steel 
reinforcement  embedded  in  thin  con- 
crete slabs  subjected  to  hydrostatic 
pressure.  It  was  therefore  decided 
to  curve  the  lower  side  of  the  deck, 
making  an  arch  able  to  resist  the 
full  hydrostatic  pressure,  in  case  of 
failure  of  the  steel  reinforcement, 
from  corrosion.  The  decks  are  free 
to  expand  or  contract  horizontally, 
and  strips  of  hair  felt  are  provided 
between  the  deck  and  the  haunches 
so  as  to  insure  watertightness. 

At  each  end  of  the  structure,  con- 
crete cut-off  walls  20'  to  30'  deep 
were  carried  into  the  side  hills  to 
exclude  the  possibility  of  leaks  or 
washout  around  the  structure. 

Struts  between  the  buttresses  are 
12"  X  24"  in  cross  section,  rein- 
forced with  5  1-in.  corrugated  bars, 
lapped  56"  at  the  ends,  so  that  no 
special  provision  is  made  for  tem- 
perature stresses,  except  that  ample 
reinforcement  is  thus  provided. 

The  cut-off  wall  is  3'  6"  thick 
and  30'  x  50'  deep.  The  material 
encountered  -during  excavation  was 
such  that  little  reliance  could  be  laid 
upon  it  as  a  barrier  against  water 
under  pressure,  and  an  endeavor  was 
made  to  carry  the  cut-off  wall  down 
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to  solid  rock.  A  wiiodcn  dirrick  witli 
a  ()()-ft.  boom  /iiid  a  stcil  derrick 
witli  a  lOO-f't.  boom  liaiidlcd  tlic  ma- 
terial excavated  from  the  cut-off 
treneli.  Excavation  was  done  with 
picks  and  shovels,  no  blasting  being 
required.  After  rock  had  been 
reached,  drills  were  put  to  work  in 
order  to  ascertain  tlie  nature  of  the 
underlying  strata.  Kxcept  in  a  few 
instances,  soft  solid  rock  was  en- 
countered, whicli  disintegrated  rap- 
idly U])on  being  exjiosed.  It  was 
then  decided  to  provide  all  test  holes 
with  grout  ])ipes,  extending  these 
clear  up  to  the  ground  surface,  on 
the  down  stream  side  of  tile  deck, 
and  to  grout  these  under  pressure, 
should  leaks  develop  witli  the  reser- 
voir full. 

The  cut-off  wall  was  concreted  in 
sections,  between  wooden  bulkheads, 
the  abutting  surfaces  of  the  sections 
being  tongued  and  grooved.  A 
1:3:6  concrete  mixture  was  used,  one- 
man-size  stones  being  embedded  in 
it.  During  construction,  the  ques- 
tion arose  as  to  the  jxjssibility  for 
vertical  temi)erature  cr.icks  to  de- 
velop in  the  cut-off  wall,  which  might 
let  water  seep  under  the  mattress. 
The  writer  carried  on  a  series  of 
observations  for  the  purpose  of  as- 
certaining the  variations  between 
ground  and  air  temperature,  at  and 
in  the  vicinity  of  the  structure,  in 
bore   holes  •2.5'  to    ki'  deep. 

Ground  temperature  recorded  at 
the  bottom  of  the  l'.5-ft.  hole  was 
found  to  be  constant  throughout  the 
year,  and  2.5°  F.  higher  than  the 
average  yearly  air  temperature  at 
this  site  (59°  F.).  The  tempera- 
ture recorded  in  a  bore  hole  16' 
deep  showed  a  greater  variation  be- 
tween air  .ind  ground  tem|)eratures. 
It  w.is  anticipated  that  the  upper 
part  of  the  cut-off  wall  would  be 
subjected  to  at  least  or  nearly  the 
same  temperature  variations  as  w.ater 
in  the  reservoir,  that  is  from  about 
34°  F.  to  75°  F.  and  therefore  the 
upper  15'  to  20'  of  the  cut-off  wall 
were  reinforced  with  %-in.  vertical 
rods  spaced  '2'  o.  c,  and  with  1-in. 
horizontal  rods  spaced  12"  o.  c.  At 
a  depth  of  2'  to  3',  the  ground  is 
subjected  to  daily  temperature  varia- 
tions; therefore  the  concrete  mat- 
tress, in  addition  to  its  heavy  steel 
reinforcement,  was  covered  with  3' 
of  earth,  so  as  to  minimize  the  effect 
of  temperature  changes. 

The  decks,  which  of  course  are 
well  exposed  to  temperature  varia- 
tions, are  free  to  expand  horizon- 
tally. In  certain  instances,  with  the 
reservoir  empty,  the  joints  opened 
from  Yic,"  to  Vs"  PS'  panel. 

The  concreting  plant  consisted  of 
a   l/o-yd.   cube  mixer,  located   about 
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Fio.  8 — Section'  ok  Matins  -Stohace  Da.m 


Fig.  9 — The  Mathis  Stokace  Dam 

Flli.    10 CoNSTRI'tTlOX    OF    -MaTIIIS    DaM 

30'  back  of  the  cut-off  wall,  at  the 
center  of  the  structure,  and  the  con- 
crete was  handled  with  derricks 
from  the  mixer  to  the  forms,  into 
especially  designed  buckets  resting 
on  a  car  rolling  back  and  forth  on 
a  track  laid  on  the  top  of  the  but- 
tesses. 

About  180  cu.  yds.  of  concrete 
were  laid  per  wk.,  the  maximum  be- 
ing t78  yds.  The  whole  structure 
involved  4,523  cu.  j-ds.  of  concrete 
and  288,830  lbs.  of  reinforcing 
steel,  that  is,  Q\  lbs.  of  steel  per 
eu.  yd.  of  concrete.  An  average  of 
12.600  lbs.  of  reinforcing  steel  were 
laid  per  wk.  and  a  minimum  of 
25,000  lbs. 

M.\IN    STORAGE    DAM 

The  main  storage  dam  consists  of 
a  spillway  section  288'  long  (Figs. 
8  and  9),  flanked  at  one  end  by  a 
bulkhead  section  about  50'  long,  and 
at  the  other  by  a  power  house.  The 
total  length  of  the  dam  is  630'  and 
the  height  of  the  spillway  section, 
from  base  to  crest,  is  90'.  In  the 
spillway  and  bulkhead  sections  the 
buttresses  are  spaced  18'  o.  e.  and  in 
the  power  house  section   20'. 

Decks  are  arched  and  free  to  ex- 
pand or  contract  horizontally.     Their 


thickness  varies  from  39"  at  the 
base  down  to  18"  at  the  top.  The 
apron,  on  the  downstream  side  of 
the  structure,  is  18"  thick;  both 
deck  and  apron  are  reinforced  hori- 
zontally with  corrugated  bars  1"  to 
1  l/s"  diam.,  spaced  according  to  the 
hydrostatic  pressure,  the  spacing 
v.irying  from  \"  to  7".  Distribut- 
ing rods  %"  in  diam.  are  also  pro- 
vided longitudinally  2-i"  apart.  In, 
order  to  obtain  a  wateqiroof  joint 
between  the  deck  and  the  buttress, 
■'/',, ;-in.  x  6-in.  hair  felt  strips  laid  in 
asphalt  have  been  provided,  and  the 
buttress  tongues  are  provided  with 
recesses,  as  shown  in  Fig.  10.  The 
sijillway  buttresses,  reinforced  hori- 
zontally and  vertically  with  1-in. 
corrugated  bars,  were  built  in  12-ft. 
lifts,  each  lift  having  a  different 
thickness  according  to  its  height 
above  ground.  They  also  taper  from 
the  upstream  end  to  the  downstream 
end;  for  instance,  the  lower  lift  tap- 
ers from  10"  to  32".  The  upper 
or  top  lift  is  26"  thick,  this  thick- 
mss  corresponding  to  the  thickness 
ot'  the  bridge  piers  on  top  of  the 
spillway,  and  carries  a  foot  bridge. 
The  spillway  buttresses  have  a  total 
width  at  the  base  of  US.o'.  thus 
offering  ample  leverage  against  over- 
turning forces. 

The  cross-struts,  between  but- 
tresses, are  18"  x  21"  in  section, 
and  reinforced  with  5  1-in.  corru- 
gated bars,  overlapping  at  buttress 
))oints.  except  over  every  third  but- 
tress, where  the  rods  butt  in  order  to 
allow  for  contraction  of  the  struts. 
Struts  are  spaced  15"  and  12'  o.  c. 
in  a  horizontal  and  a  vertical  plan, 
respectively. 

At  elevation  1,609.75  a  reinforced 
concrete  walkway  6'  wide  is  provid- 
ed for  inspection  purposes,  and  to 
give  access  to  two  -iS-in.  gate  valves 
located  r-i  the  base  of  the  structure, 
in  the  center  of  the  spillway  section. 
A  walkway  has  also  been  provided 
at  elevation  1,655  for  inspection  pur- 
poses, and  to  give  access  to  a  gate 
valve  located  at  the  east  end  of  the 
structure,  at  elevation  1,64'3. 

Bulkhead  buttresses  are  of  simple 
design,  their  thickness  being  uni- 
form for  the  same  lift;  it  varies 
from  31"  for  the  bottom  lift  to  16" 
for  the  top  lift.  These  buttresses 
were  also  built  in  12-ft.  lifts,  and 
reinforced  horizontally  at  lift  eleva- 
tion, and  vertically  at  cross-strut 
point.  The  top  lift  has  a  vertical 
downstream  face,  the  other  lifts  hav- 
ing a  battered  face.  The  power 
house  section  consists  of  heavy  but- 
tresses spaced  20'  o.  c.  with  two  in- 
takes feeding  the  12-ft.  penstocks  of 
the  two  3,000-kw.  units  installed  in 
the  power  house.  The  latter  is  a 
[59\ 


CONCRETE 


brick  structure,  with  steel  frame  and 
concrete  roof,  40'  x  65'  in  plan. 
The  roof  slabs  are  carried  on  I- 
beams  and  steel  channel  purlins. 
The  slabs  are  4"  thick  and  rein- 
forced with  Hy-Rib"  material. 

The  dam  involves  23,700  cu.  yds. 
of  excavation,  33,600  cu.  yds.  of 
concrete  and  1,908,000  lbs.  of  steel 
reinforcement,  that  is,  about  60  lbs. 
of  steel  per  cu.  yd.  of  concrete. 

The  following  unit  stresses  were 
allowed  in  designing  the  various 
parts  of  the  structure:  Compres- 
sion in  buttresses,  300  lbs.  per  sq. 
in.;  shear  in  butts,  100  lbs.  Com- 
pression in  decks,  aprons,  beams  and 
bridges,  600  lbs.  per  sq.  in.  and  60 
lbs.  for  shear.  Tension  in  reinforc- 
ing steel,  14,000  lbs.  All  decks, 
aprons  and  beams  were  made  of 
1 :2  :4  concrete,  and  the  buttresses  of 
1 :3:6   concrete. 

Wooden  forms  were  used  througli- 
out  the  dam  for  concreting  purposes 
and  standard  forms  were  built  for 
the  buttresses,  decks,  aprons  and 
cross-struts,  and  used  over  and 
over  again.  The  buttress  forms  were 
held  together  witli  iron  bolts  passed 
through  card  board  tubes  dipped  in 
paraffin,  thus  enabling  the  bolts  to 
be  pulled  out  easily  when  stripping 
the  forms. 

The  concrete  plant  was  located 
about  300'  downstream  of  the  dam 
and  the  concrete  buckets  were  con- 
veying to  the  dam  on  cars  pushed 
by  a  dinkey  locomotive,  and  then 
carried  over  the  structure  by  Lidg- 
erwood  cableways^  of  800-ft.  span. 
The  cableways  were  of  great  assist- 
ance in  erecting  and  stripping  the 
forms. 

This  dam.  like  the  intake  dam,  is 
equipped  with  automatic  flashboards 
provided  with  reinforced  concrete 
counterweights.  These  structures 
were  built  by  the  Northern  Contg. 
Co.  for  the  Ga.  Ry.  and  Power  Co., 
for  whom  Charles  O.  Lenz  is  chf. 
engr.  The  Hardaway  Co.,  Columbus. 
Ga.,  was  sub-contractor;  Chas.  G. 
Adsit.  engr.  in  clig.  of  const.,  and 
H.  T.  Hartwell  resident  engr.  The 
late  John  Birkenbine  was  consult, 
engr.,  being  represented  in  the  field 
by  his  son,  Henri  Birkenbine.  The 
writer  was  in  charge  of  the  design 
and  supervised  the  construction. 


Conduits  and  pipes  can  be  kept 
the  proper  distance  from  forms  by 
stringing  ordinary  iron  washers  on 
them  at  intervals. 


*Lidgerwood   Mfg.  Co.,  N.  Y.  C. 
[GO] 


Fig.  1 — TvpicAL  Section  of  Scbwat 


Distributing  Concrete  on 
Subway  Work 

By  H.  L.  Quigley' 

The  construction  of  the  Olympia 
St.  subway  at  Seattle,  Wn.,  pre- 
sented some  unusual  difficulties  ow- 
ing to  the  fact  that  steam  traffic 
had  to  be  maintained  in  the  excava- 
tion at  all  times  and  owing  to  the 
location  of  the  aggregate  as  received 
by  water. 

The  structure  was  designed  by  the 
bridge  department  of  the  Northern 
Pacific  Ry.  for  a  live  load  of 
100  lbs.  per  sq.  ft.  on  the  sidewalks 
and  150  lbs.  per  sq.  ft.  on  the  road- 
way with  specified  unit  stresses  and 
to  be  carried  within  safe  limits  for 
an  18-ton  roal  roller.  The  street 
crossings  are  designed  for  double 
street  car  loading  of  34-ton  units. 
The  subway  proper  is  a  1,000- ft.  sec- 
tion of  a  60-  ft.  roadway.  It  was 
constructed  in  wet  clay  and  rests  on 
approximately  1 ,300  piles  with  an 
average  penetration  of  38',  designed 
for  an   18-ton  stress  per  pile.    The 


Fig.  2 — Gexeijai.  View  of   Subway  and 
Teestle  for  Conveying  Concbete 
Fig.    3 — Detail    Showing    Trestle,    Re- 
ceiving Bin  and  Spouting  Eocipment 


reinforced  concrete  was  placed  as 
per  tj-pical  section  in  Fig.  1.  All 
concrete  was  proportioned  by  volume, 
the  mix  in  the  subway  proper  being 
1 :2 :4,  (rock  ranging  from  ^4"  to 
1"),  retaining  walls  1:3:5  (rock 
ranging  from  ^4"  to  2l/o")  and  side- 
walks finished  in  1 :3.  The  sand  was 
clean,  coarse  and  sharp,  ranging 
from  1/4"  down.  Care  was  taken  to 
place  no  reinforcing  steel  less  than 
2"  from  any  face  of  the  concrete. 
The  backs  of  all  retaining  walls  and 
sidewalks  of  the  subway  as  well  as 
the  entire  top  of  the  structure  were 
given  three  heavy  coats  of  asphaltum. 
The  embankments  at  either  portal 
were  shaped  to  l^i;-!  slope  from  base 
to  street  level. 

A  mixing  plant  was  erected  on  the 
water  front  where  scows  brought 
the  sand  and  gravel  and  a  clam  shell 
bucket  elevated  the  materials  to  a 
storage  bin.  From  a  gravity-fed 
batch  mixer,  the  concrete  was  carried 
in  a  1-yd.  concrete  car  hauled  by  a 
cable  over  a  long  temporary  track. 
About  700'  of  the  track  from  the 
west  portal  was  a  5%  grade  as 
shown  in  Fig.  2.  The  track  from 
portal  to  portal  was  down  grade. 

The  trestle  was  built  on  bents,  of 
two  6x6  uprights  braced  by  1  x  6s. 
The  cross  member  was  a  10  x  10  and 
4x6  ties  rested  upon  two  spiked 
4  X  12s  on  the  cross  members.  The 
side  bracing  shows  in  the  construc- 
tion views. 

The  car  emptied  the  concrete  into 
a  wooden  receiving  bin  from  which 
it  was  spouted  to  the  forms  through 
a  wooden  chute.  The  bin  and  spout 
as  used  on  the  walls  was  rigged  as  a 
solid  unit  and  was  moved  along  the 
work  on  a  trr-^ck  as  shown  in  Fig.  S. 
One  part  of  tlie  track  for  this  spout 
is  the  third  rail  on  the  trestle  and 
the  other  on  an  individual  trestle 
next  to  the  south  property  wall. 

The  contract  was  executed  by  the 
Pearson  Construction  Co.,  Seattle, 
under  the  direct  supervision  of  W. 
C.  Taylor.  The  approximate  quanti- 
ties used  were — 8,000  cu.  j-ds.  of 
concrete,  60.500  lbs.  of  reinforcing 
steel,  22,600  sq.  ft.  of  sidewalk  pro- 
tected by  1,150  lin.  ft.  of  three-line 
ll/^-in.  gas  pipe  railing. 

February,  1916 
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Fig.   1 — Plan   and  Side   of   Band-iiox 
Apartmext 


Fig.  2 — -Froxt  and  Side  Elevations 


A  "Band  Box,  "Two  Family  Apartment, 
To  Be  Built  of  Concrete 


By  Glen  M.  Rees' 


A  two-family  house  of  lorn  cost 
and  possessing  a  number  of  unique 
dvsigii  arid  construction  features  is 
to  be  built  in  early  spring  at  Roches- 
ter, N.  Y.  The  designer  has  not  only 
specialised  in  heavy  concrete  con- 
struction but  has  also  spent  much 
time  in  an  effort  to  build  true  con- 
crete houses  of  good  design  and  at 
low  cost. . 

In  this  effort  he  has  been  unusti- 
ally  successful  and  this  magazine 
hopes  to  present  occasional  examples 
of  his  irork. 

Designed  to  meet  the  demands  of 
economy  in  space  and  expenditure, 
the  construction  and  arrangement  of 
this  unique  low-cost  apartments  holds 
place  in  the  hot  pace  set  by  concrete 
designers  and  students  of  hygiene 
and  modern  living.  The  building  is 
extremely  economical  as  to  mainten- 
ance, being  constructed  with  con- 
crete walls,  floors  and  roof  and 
metal  window  sash  and   frames. 

While  a  number  of  construction 
methods  are  available  for  working 
out  these  plans  in  concrete  that 
selected  is  the  so-called  thermos  bot- 
tle construction  erected  l\v  means  of 
a  hollow  wall  machine.-  This  con- 
struction   is,    in    reality,    one    house 

'Archt.  and  Engr.,  Rochester.  N.  Y. 
-Van  Guilder  Hollow  Wall  Co.,   Rochester, 
N.  Y. 


witliin  another,  with  an  air  S))ace  of 
~]-/'  between  the  walls,  each  wall 
being  4"  thick.  This  construction 
makes  a  dead  air  space  except  for 
vents,  and  has  proved  its  value  in 
reducing  the  winter  coal  bill,  as 
compared  with  wood  frame. 

DESIGN    .\ND    CONSTRUCTIOX 

The  arrangement  is  very  compact, 
being  laid  out  on  the  lines  of  a  city 
apartment,  but  is  more  desirable  on 
account  of  the  great  amount  of  light 
possible.  Three  rooms  and  a  bath  are 
provided;  a  good  sized  living  room 
with  bay  window,  a  kitchenette  with 
small  cooking  closet  combined  with 
dish  cupboards,  ice  box,  range,  etc. 
The  kitchenette  is  separated  from 
the  stairs  by  a  folding  screen  on 
rubber  rollers  so  that  the  whole 
space  can  be  opened  up  for  a  dining 
room  in  the  event  of  the  adjoining 
rear  room  being  used  as  a  bed  room, 
which  is  not  necessary  when  there 
are  but  two  in  the  family,  as  it  is 
arranged  to  have  a  sanitary  and  ven- 
tilated bed  slide  under  the  raised 
floor  of  the  bath  room. 

The  end  of  the  iron  bed  which 
projects  in  the  living  room  is  fin- 
ished as  a  couch  or  other  piece  of 
furniture  to  suit  requirements.  The 
bed,  when  rolled  in,  has  a  galvan- 
ized iron  case,  making  it  dust  proof 
and  air  tight  from  the  room.  The 
case  is  connected  at  the  bottom  with 
a  fresh  air  stack  and  at  the  top  with 


a  vent  stack,  which  provides  a  free 
and  positive  circulation  of  fresh  air 
over  the  bed  at  all  times.  Each 
room  has  a  vent  stack  in  the  hollow 
concrete  wall,  which  discliarges  un- 
der tiie  cornice;  vents  of  baths  and 
of  kitchens  are  at  ceiling  and  those 
of  living  room  and  of  bed  room  at 
floor. 

The  apartments  are  heated  by 
separate  furnaces.  Furnace  heat  is 
especially  advantageous,  as  fresh  air 
must  he  brought  in  through  the  fresh 
air  ducts. 

FLOORS    AND    ROOF 

The  floors  are  designed  to  carry 
a  live  load  of  50  lbs.  per  sq.  ft.  and 
are  5^/2"  thick  in  large  rooms.  The 
small  rooms  do  not  require  this  thick- 
ness but  are  left  the  same  in  order 
to  facilitate  the  form  work  and  con- 
struction. The  reinforcing  in  floors 
is  to  be  expanded  metal  of  about 
2l/o-in.  mesh  and  %o"  running  in 
direction  indicated.  The  concrete 
floor  slabs  are  covered  with  %-in. 
oak  flooring  on  2-in.  x  2-in.  wood 
sleepers.  The  roof  is  a  4-in.  slab 
reinforced  with  rods  and  overlaid 
with  expanded  metal  the  same  as 
floors.  Over  the  slab  is  spread  ordi- 
nary wire  chicken  netting,  to  be  cov- 
ered with  %"  of  very  rich  cement 
mortar,  which  is  to  be  cut  through 
with  a  marking  tool  to  the  netting 
in  squares  2'  x  2'  or  less,  the  joints 
to  be  filled  with  .nsphaltum  or  other 
elastic  waterproof  pitch.  The  roof 
surface  will  be  troweled  smooth  and 
waterproofed  with  R.  I.  W.=  The 
outside  of  building  will  be  stuccoed 
and  painted  with  two  coats  of  water- 
))ronf  crment  paint. 

COST 

Contract  prices  received  by  the 
builder.  H.  E.  Kondolf,  are  given  in 
itemized  form  and  indicate  a  cost  of 
$5.r>0  per  sq.  ft.  of  area  on  the 
ground.  It  will  be  noted  that  few 
flats  constructed  with  one  family 
above  the  other  can  be  built  entirely 
of  wood  for  this  price. 

Estimated  Cost  of  Baxi>-eox  Apartment 

112  vds.  sand  and  gravel  ©  Si.2.5..$  130.00 
182  t)bls.  cement  @   $2,  less  J54  for 

sacks    310.00 

•i  tons  of  plaster  (S)  S7.50  per  ton...        37.50 

Wire  mesh  and  reinforcing  steel....  ins. OS 

1 .000  brick   20.00 

Mason  labor    31  '.on 

"^lashing  and  tin  work 15.90 

Floors   and  sleepers 110. on 

Heating    system — two    furnaces 19n.no 

T'lumbing  complete   3fi5.on 

F.lectrie  wiring   l?5.nn 

Painting    and    finishins 140.00 

Interior  trim   and   mill   work ■i47.00 

Tarpenter  work   1  "i-O'i 

Met.il   frames,   sash   and  glass 703.00 

The    substitution    of   wood    f— 'nies. 

doors  and  sash  would  save  $400.00 

on  this  item 

light  fixtures    60.00 

Hardwaro    40.00 

.\nd  adding   for   incidentals lon.on 

t3.473.53 


sToch  Bros..  \.  Y.  C. 
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Concrete  Aggregates:  Second  Article— Tests 
and  Test  Methods— Sampling 

By  Wii,i,iA.-\r  31.  Kixnf.y'  and  Duff  A.  Abrams' 


TESTS   OF  CONCRETE    AGGREGATES 

Tlie  purpose  of  making  tests  of 
structural  materials  is  to  determine 
in  advance  of  use  whether  or  not  a 
given  material  fulfills  the  require- 
ments of  the  service  demanded.  For 
many  of  the  older  structural  mate- 
rials, mam'  years'  experience  and 
tests  have  shown  with  a  fair  degree 
of  accuracy  what  requirements  must 
be  met  in  order  that  they  may  be 
expected  to  give  satisfactory  results 
in  service. 

Experience  has  shown  that  the 
durability  of  the  material ;  grading, 
with  reference  to  the  maximum  sizes 
and  the  relative  proportions  of  finer 
materials ;  the  shape  of  the  particles 
or  the  form  of  fracture ;  the  nature, 
amount  and  distribution  of  impuri- 
ties are  the  most  important  elements 
in  determining  the  suitability  of  a 
given  material  for  use  as  a  concrete 
aggregate.  All  tests  of  concrete 
aggregates  are  made  with  a  view  to 
classifying  the  materials  with  refer- 
ence to  one  or  more  of  these  quali- 
ties. When  it  is  considered  that  the 
materials  used  for  this  purpose  in- 
clude practically  every  form  of  inert 
solids  which  are  found  in  nature  or 
which  result  from  manufacturing 
processes,  it  is  readily  seen  that  tests 
must  be  of  the  widest  application. 
The  following  may  be  mentioned  as 
indicating  the  range  of  materials 
used  for  this  purpose:  Natural 
sands  and  gravels,  crushed  rock  of 
all  kinds,  crushed  blast  furnace  slag, 
chats,  broken  brick,  coke,  coal,  cin- 
ders, shells,  etc.  The  tests  which 
should  be  made  and  their  interpreta- 
tion must  always  depend  upon  the 
nature  of  the  material  and  tlie  pur- 
pose for  which  the  concrete  is  to  be 
used. 

It  is  only  within  recent  vers  that 
the  necessity  for  testing  concrvte 
aggregates  has  been  recognized  and 
that  any  concerted  eifort  has  been 
made  to  formulate  suitable  test  meth- 
ods. The  earlier  users  of  concrete  de- 
pended   entirely    upon    a    visual    in- 


'Engr.,  Infor.  Bur.,  Universal  Portland  Ce- 
ment Co.,  Chicagro 

^Instructor  in  Clier.,  Struc.  Mat.  Research 
Lab.,   Lewis   Institute,  Cliicago 


This  is  the  second  of  a  series 
of  articles,  7nost  important  to 
the  entire  field  of  concrete  work, 
on  AcGKEGATES.  The  first 
article  taking  up  the  classifica- 
tion, sources,  physical  condi- 
tions and  general  requirements 
of  aggregates,  appeared  in  the 
December,  1915,  issue.  The 
third  article  in  the  series  will  be 
published  in  the  April,  1916, 
issue  and  will  be  a  further  dis- 
cussion of  Tests  of  Concrete  Ag- 
gregates and  the  Significance  of 
tliese  Tests — based  upon  some 
of  tlie  very  latest  research. 


spection  and  the  general  reputation 
of  a  material  to  determine  whether 
or  not  it  was  satisfactory.  Recent 
experience  has  shown,  however,  that 
careful  inspection  and  tests  of  con- 
crete aggregates  will  frequently 
serve  to  eliminate  materials  which 
are  inferior,  if  not  altogether  un- 
suitable, and  in  most  cases  would 
amply  repay  the  cost  as  a  result  of 
the  better  grade  of  concrete  which 
is  secured  by  using  discretion  in  the 
selection  of  the  best  available  mate- 
rial. 

The  following  classification  may 
be  made  of  tests  of  concrete  aggre- 
gates. The  major  divisions  of  the 
tests  are  given  in  the  general  order 
of  their  importance  for  the  average 
conditions. 

A.  Durability  of  particles. 

( 1 )  Resistance  to  weather, 
strength,  hardness,  tough- 
ness, brittleness,  resistance 
to  fire,  etc. 

B.  Strength    tests    of    mortar    and 
concrete. 

(2)  Tension  tests  of  sand  mor- 
tar. 

(3)  Compression  tests  of  sand 
mortar. 

(i)  Compression  tests  of  con- 
crete. 

(5)  Wear  tests  of  mortar  or 
concrete. 


[&?] 


C.  Cleanness  tests. 

(6)  Amount  of  impurities   (silt 
determination). 

(7)  Nature    of    impurities 
(chemical  analysis). 

(8)  Efl^ect  of  washing  on  mor- 
tar strength  of  sand. 

D.  Grading     (size    and    shape    of 

particles). 
(9)    Sieve  analysis. 

(10)  Density  of  mortar  or  con- 
crete of  a  given  mix. 

E.  Miscellaneous  tests. 

(11)  Determination  of  voids. 

(12)  Specific   gravity. 

(13)  Weight    per    unit    of    vol- 
ume. 

(ll)    Permeability    of    concrete 

or  mortar  of  a  given  mix. 

(1,1)    ^Nlicrospopic   examination. 

(16)  Petrographic  analysis. 

(17)  Chemical  analysis. 

It  must  not  be  assumed  that  each 
of  the  tests  mentioned  under  the 
headings  A  to  E  are  expected  to  re- 
veal different  qualities  of  an  aggre- 
gate material.  On  the  contrary,  the 
results  of  many  of  the  tests  are  in- 
terdependent. There  may  be  some 
difference  of  opinion  as  to  the  rela- 
tive importance  of  the  qualities  men- 
tioned. It  is  recognized  that  in  a 
given  region  tests  must  be  aimed  at 
the  detection  of  certain  qualities 
which  would  be  of  no  importance  in 
otlier  localities.  For  instance,  a 
given  territory  may  furnish  an  abun- 
dant suppTy  of  clean  sand  which  is 
])Oorly  graded  for  concrete  work; 
while  in  another  territory  the  sand 
may  be  well  graded  but  contain  ob- 
jectionable impurities. 

There  is  little  question  of  the  im- 
portance of  the  quality  or  durability 
of  the  aggreates  used  in  a  large 
amount  of  concrete  work.  Only  in 
rare  instances  is  any  attempt  made 
to  determine  relative  durability,  yet 
we  unconsciously  recognize  its  im- 
portance and  reject  materials  which 
are  manifestly  unsuitable.  On  the 
other  hand,  the  strength  tests,  if 
properly  carried  out  and  interpreted, 
yield  information  as  to  the  ultimate 
effect  of  many  other  qualities  of  an 
aggregate. 

Before    entering    into    a    detailed 
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discussion  of  .ififfrcgjitc  tests,  it 
sctiiis  desirable  to  present  a  few  re- 
marks on  field  tests  and  sani|)linf;. 

FIELD    TESTS 

l'"ield  tests  of  concrete  aggregates 
are  understood  to  include  visual  in- 
spection and  all  determinations 
which  can  he  made  hy  means  of  the 
physical  senses  and  such  apparatus 
as  may  be  found  ready  at  hand  or 
conveniently  carried  about.  It  is 
r(  (()<;ni/,ed  that  the  value  of  visual 
inspection  depends  entirely  ujjon  the 
experience  and  training  of  the  indi- 
vidual making  such  inspection.  How- 
ever, it  is  usually  assumed  that  field 
tests  are  of  a  simple  character  and 
of  such  an  apjjroxim.ite  nature  that 
they  c.in  be  c.irried  out  and  ])roi)erly 
iiiteipreted  by  men  of  little  or  no 
cxjicrience  in  the  use  and  testing  of 
sue!)  materials. 

In  attempting  to  form  an  opinion 
of  the  (piality  of  an  aggregate  it 
should  be  borne  in  mind  that  nearly 
all  materials  in  their  natural  state 
contain  .a  large  amount  of  moisture 
which  gives  an  appearance  to  the 
material  which  is  often  entirely  dif- 
ferent from  that  after  drying.  High 
grade  aggregates  have  been  rejected 
simply  because  the  inspector  formed 
an  erroneous  oi)inion  as  to  the  fine- 
ness of  the  material  or  the  .unount 
of  impurities,  on  account  of  the  fact 
tliat  the  material  was  wet  at  the  time 
oT  inspection. 

The  field  tests  which  m.iy  be  ap- 
))lied  to  advantage  depend  u))on  the 
nature,  location  and  previous  treat- 
ment of  the  material.  A  careful  ex- 
.'.niination  of  the  surroundings  from 
wliieh  a  material  comes  and  an  in- 
sjjection  of  the  operation  of  the 
pl-int  producing  it  frequently  fur- 
nish valuable  guides. 

V'isual  inspection  and  field  tests 
are  frequently  relied  upon  to  give 
information  as  to  the  probable  dur- 
ability of  a  material,  its  cleanness 
and  grading.  A  sand  which  consists 
largely  of  soft  particles,  or  is  too 
fine,  or  contains  a  large  percentage 
of  impurities,  may  properly  be  re- 
jected on  the  basis  of  visual  inspec- 
tion. The  presence  of  too  much  dust 
in  crushed  stone  or  the  prevalence 
of  coarse  material  can  easily  be  de- 
termined by  visual  inspection. 

As  an  aid  to  field  inspection,  cer- 
tain methods  and  apparatus  are 
sometimes  recommended.  The  fol- 
lowing may  be  mentioned: 

An  approximate  notion  of  the 
amount  of  clay  or  loam  contained  in 
sand  can  be  obtained  by  rubbing  the 
dry  sand  between  the  palms  of  the 
hands  and  noting  the  character  of 
the  discoloration.  Another  method 
consists    of   dropping   a    handful    of 
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s.iM<l  into  a  basin  of  clean  water  and 
noting  the  resulting  turbiditj-.  A 
more  exact  determination  of  clean- 
ness of  sand  may  be  made  in  the 
field  by  filling  a  cylindrical  glass  jar 
or  bottle  about  half  full  of  sand  and 
adding  sufficient  water  to  cover  the 
sand  2"  or  .■?".  Close  the  top  of 
the  vessel  and  shake  vigorously  for 
a  few  seconds ;  then  set  aside  and 
allow  the  suspended  material  to  set- 
tle on  top  of  the  sand.  The  length 
of  time  required  for  the  water  to  be- 
come clear  and  the  depth  of  the  de- 
))osit  on  the  surface  of  the  sand 
should  be  noted.  If  a  glass  gradu- 
ate is  used  for  this  purpose  a  quite 
accurate  determination  of  the  silt 
content  of  a  sand  can  be  obtained. 
It  should  be  noted,  however,  that  the 
results  of  this  test  cannot  be  com- 
))ared  directly  with  those  obtained 
bv  the  usual  laboratory  methods  on 
tile  basis  of  the  loss  of  weight.  In 
the  field  test  mentioned  above,  the 
silt  is  determined  on  the  basis  of 
volume;  the  results  are  also  influ- 
enced by  the  cff"ect  of  the  buoyancy 
of  the  water  on  the  silt.  This  test 
would  show  a  higher  silt  content 
tli.an  most  of  the  laboratory  methods. 

The  grading  of  aggregates  with 
reference  to  the  amounts  passing 
certain  sieves  can  be  roughly  deter- 
mined by  means  of  a  set  of  ))ortable 
sieves.  Certain  engineering  organ- 
izations have  ])rovided  their  field  in- 
spectors with  outfits  consisting  of 
two  or  three  sieves,  a  glass  graduate, 
rule,  etc.,  which  in  the  hands  of  in- 
telligent men  mav  be  expected  to 
give  fair  indications  of  the  cleanness 
and  grading  of  aggregates. 

In  the  case  of  coarse  aggregates 
a  visual  inspection  will  reveal  the 
Dresence  of  large  amounts  of  clay, 
lo.im  or  soft  pebbles  in  a  shinment 
of  gra\il  and  will  indicate  whether 
or  not  it  deviates  largely  from  the 
proper  grading.  A  fair  guide  as  to 
the  quality  of  a  crushed  stone  may 
be  obtained  by  examining  the  ledges 
which  have  been  long  exposed  to  the 
weather,  by  noting  the  form  of  frac- 
ture and  shape  of  particles,  and  bv 
breaking  the  particles  in  the  hand 
or  by  cutting  with  a  knife.  A  stone 
which  has  disintegrated  from  expos- 
ure to  the  weather  for  a  few  years, 
or  which  cnn  be  easily  broken  be- 
tween the  fingers  or  readily  cut  with 
a  knife  probably  will  be  undesirable 
for  concrete  which  is  to  be  subjected 
to  severe  stresses  or  exposed  to  the 
action 'of  the  weather,  or  used  above 
ground  in  the  presence  of  water. 
For  such  purposes  as  the  wearing 
surface  of  roads  and  pavements,  ag- 
gregates of  good  weathering  quali- 
ties, which  are  hard  and  tough,  must 
be   used. 


While  the  evidence  of  visual  in- 
spection and  field  tests  shoidd  never 
be  overlooked,  it  is  generally  recog- 
nized by  progressive  engineers  that 
such  tests  are  not  sufficient  for  the 
purpose  of  discriminating  among 
several  lots  of  materials,  all  of 
which  may  be  of  a  good  grade. 
Field  tests  may  serve  to  determine 
whether  or  not  a  material  may  be 
expected  to  comply  with  certain  min- 
imum requirements  of  a  specification, 
but  they  give  no  reliable  indication 
of  the  relative  merits  of  different 
materials  and  may  ])rove  wholly  mis- 
leading. Field  tests  such  as  those 
described  above  may  reveal  the  pres- 
ence of  impurities,  but  thej'  give  no 
indication  of  the  nature  of  such  im- 
|)urities  or  their  effect  on  the  set- 
ting and  hardening  of  the  cement 
and  the  final  strength  of  the  con- 
crete. 

These  remarks  apply  with  par- 
ticular force  to  fine  aggregates,  and 
especially  to  natural  sands.  A  few 
engineers  have  carried  field  tests  to 
such  an  extent  as  to  make  up  blocks 
of  mortar  or  concrete  from  the  ma- 
terials available  at  the  site  of  the 
work.  By  noting  whether  or  not  the 
concrete  hardened  satisfactorily,  and 
by  breaking  with  a  hammer  after  a 
few  days,  or  by  loading  to  failure 
as  a  beam,  they  felt  assured  that  no 
serious  mistake  was  being  made. 
This,  however,  is  a  recognition  of  the 
value  of  careful  tests  and  amounts 
to  conducting  makeshift  laboratory 
tests  in  the  field. 

Differences  in  the  hardness  of 
sands,  silt  content,  grading  and 
shape  of  the  particles  exert  such  an 
important  influence  on  the  strength, 
durability  and  water-tightness  of 
concrete  that  thev  cannot  properly 
be  left  to  makeshift  methods.  Most 
concrete  engineers  are  now  agreed 
as  to  the  importance  of  properly 
made  laboratory  tests  for  determin- 
ing the  relative  value  of  aggregates 
for  use  in  concrete  for  a  given  ser- 
vice. 

SAMPLING 

The  most  carefully  conducted  tests 
of  concrete  aggregates  may  give  en- 
tirely misleading  results  unless  ex- 
treme care  is  used  in  selecting  the 
material  which  is  to  be  used  in  the 
test.  The  best  place  to  secure  a  rep- 
resentative sample  is  after  delivery 
of  the  material  on  the  work.  In 
this  case  small  lots  should  be  taken 
from  different  portions  of  the  pile 
and  mixed  together  to  form  a  test 
sample.  However,  it  is  a  better  pol- 
ic3^  to  sample  materials  of  this  kind 
as  close  to  their  source  as  possible, 
in  order  to  avoid  unnecessary  ex- 
pense in  handling  lots  which  are 
later  rejected. 
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Little  difficulty  is  usually  encoun- 
tered in  selecting  test  samples  from 
crushed  stone,  if  care  is  taken  to  see 
that  the  materials  of  difl'erent  sizes 
have  not  become  separated  in  loading 
or  piling. 

In  sampling  natural  sands  and 
gravels  in  the  pit  the  greatest 
care  must  be  used.  Many  sand  and 
gravel  pits  contain  material  of  such 
diverse  characteristics  that  aggre- 
gates of  the  greatest  variety  may  be 
obtained  within  a  distance  of  a  few 
feet;  yet  in  the  process  of  excavat- 
ing, transporting,  screening,  wash- 
ing, etc.,  the  materials  are  so  thor- 
oughly mixed  that  uniform,  higli 
grade  sand  and  gravel  are  produced. 
Test  samples  of  a  material  of  this 
kind  should  be  taken  from  the  stor- 
age bin,  or  from  material  already 
loaded  for  shipment. 

It  is  in  sampling  a  deposit  which 
has  not  been  developed  that  the 
greatest  care  is  necessary.  The 
method  to  be  used  will  depend  on  the 
nature  and  extent  of  the  deposit,  the 
contour  of  the  land,  etc.  Probably 
the  most  effective  method  is  to  sink 
wells  at  several  points,  then  make 
detailed  examinations  of  the  mate- 
rials in  the  different  strata.  This 
method  avoids  the  effect  which  may 
result  from  the  contamination  of  the 
deposit  by  surface  drainage,  etc., 
which  cannot  easily  be  avoided  if 
samples  are  taken  from  the  face  of 
the  proposed  pit.  Face  sampling  can 
be  done  .successfully  only  by  exca- 
vating trenches  to  such  a  depth 
throughout  the  deposit  that  all  sur- 
face soil  is  removed  and  rejected  be- 
fore taking  out  the  materials  for 
testing.  The  material  thus  excavat- 
ed can  be  mixed  and  test  samples 
taken,  or  detailed  examinations  can 
be  made  of  the  material  taken  at  dif- 
ferent depths. 

The  amount  of  materials  neces- 
sary for  a  test  sample  will  depend 
npon  the  number  and  kind  of  tests 
to  be  used :  however,  for  the  usual 
tests  about  25  lbs.  of  fine  aggregate 
should  be  submitted  and  not  less 
than  50  lbs.  of  coarse  aggregate. 

Experience  has  shown  the  neces- 
sity for  using  the  greatest  care  in 
sampling  in  the  laboratory,  since 
otherwise  the  results  of  the  tests 
may  be  entirely  misleading.  The 
method  of  quartering  is  generally 
employed.  To  quarter  a  sample  of 
aggregate,  spread  the  material  on  a 
clean  floor  or  table.  The  pile  should 
be  nearly  circular  in  outline  and  of 
uniform  thickness,  care  being  taken 
to  distribute  the  material  as  it  is 
poured  out.  Divide  the  pile  into 
four  equal  parts ;  remove  two  oppo- 
site quarters,  using  care  that  all  fine 
material    is    taken.      The    remaining 


quarters  are  then  mixed  and  the  pro- 
cess continued  until  a  sample  of  the 
proper  size  is  obtained.  This  meth- 
od is  laborious  and  time-consuming. 
Much  better  results  can  be  obtained 
by  the  use  of  a  sampler  or  riffle, 
which  can  be  supplied  by  the  scien- 
tific apparatus  dealers.  This  appa- 
ratus, by  halving  or  forming  other 
fractional  divisions  of  the  material, 
very  quickly  enables  the  operator  to 
secure  a  representative  sample  of 
any  desired  size.  This  apparatus 
is  widely  used  in  mining  operations 
and  in  assay  laboratories. 

LABOR.\TORY    TESTS 

Due  to  the  fact  that  the  im|)ort- 
ance  of  aggregate  tests  has  become 
only  recenth'  recognized,  these  does 
not  exist  at  the  present  time  a  well 
recognized  procedure  in  carrying  out 
such  tests.  From  the  nature  of  the 
materials  encountered  it  is  apparent 
that  it  is  a  most  complex  problem 
when  one  attempts  to  determine  the 
effect  of  each  variable  which  may 
enter  into  the  quality  of  an  aggre- 
gate (strength,  hardness,  brittleness, 
cleanness,  grading,  petrographic 
composition,  chemical  analysis,  etc.). 
on  the  final  strength  and  durability 
of  concrete  made  from  it. 

At  the  present  time  it  is  impos- 
sible to  foretell  the  effect  of  all  of 
these  variables,  or  to  fix  the  exact 
influence  of  any  of  them.  However, 
long  experience  has  shown  that  cer- 
tain tests  are  of  the  utmost  value  in 
furnishing  a  criterion  of  the  con- 
crete-making qualities  of  aggregate 
materials. 

It  may  be  repeated  that  the  sub- 
ject of  the  testing  of  concrete  aggre- 
gates is   receiving  more  attention   at 


the  present  time  than  ever  before. 
It  is  probably  true  that  this  class  of 
materials  is  now  the  subject  of  a 
greater  number  of  investigations 
than  any  other  single  group  of  engi- 
neering materials.  Nearly  all  of  the 
more  important  engineering  societies 
which  have  to  do  with  structural 
work  are  carrying  out  studies  with  a 
view  to  arriving  at  more  rational 
specifications  and  methods  of  tests 
for  concrete  aggregates. 

While  it  is  not  assumed  that  it  is 
necessary  to  make  laboratory  tests 
on  each  lot  of  aggregate  material 
used,  the  authors  desire  to  give  the 
utmost  emphasis  to  the  value  of  tests 
in  indicating  the  value  of  a  new  or 
untried  material  before  it  is  used  in 
an  important  structure.  Materials 
which  are  known  to  be  of  a  high 
grade  may  generally  be  accepted  for 
all  ordinary  purposes.  For  impor- 
tant pieces  of  work  special  studies 
of  materials,  proportions,  etc., 
should  always  be  made. 

Laboratory  tests  will  be  discussed 
in  accordance  with  tlie  outline  given 
above. 

A.       DURABILITY    OF    PARTICLES 

Under  the  heading  of  durability 
we  liave  grouped  a  number  of  the 
fundamental  physical  properties  of 
concrete  aggregates.  The  following 
may  be  mentioned:  Strength  (the 
ability  to  withstand  stresses  of  any 
kind  due  to  load)  ;  hardness  (the 
ability  to  resist  penetration)  :  tough- 
ness (the  ability  to  withstand  a  repe- 
tition of  impact  or  other  similar 
stresses)  ;  brittleness  (the  ability  to 
withstand  distortion)  ;  resistance  to 
fire,  weatherina:,  etc.  These  prop- 
erties are  largely  interdependent  and 
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are  such  as  arc  recognized  in  all  ma- 
terials. 

It  is  not  customary  to  make  tests 
on  concrete  aggregates  with  a  view 
to  determining  the  effect  of  each  of 
these  properties,  yet  we  unconscious- 
ly weigh  and  pass  upon  all  such  fac- 
tors in  arriving  at  a  conclusion  as  to 
the  suitability  of  a  given  aggregate 
for  any  service.  Compression  tests 
of  2-in.  cubes  are  frequently  made  in 
order  to  determine  the  quality  of  a 
stone  for  building  purposes.  Tests 
of  this  kind  are  difficult  and  expen- 
sive to  make  and  cannot  be  applied 
to  many  classes  of  aggregate  mate- 
rials. The  results  of  such  tests  are 
of  doubtful  value.  A  direct  test  of 
strength  of  an  aggregate  material  is 
not  important,  since  the  ultimate 
value  of  the  material  in  concrete  gen- 
erally depends  on  other   factors. 

Certain  tests  for  determining  the 
toughness,  hardness,  abrasive  resist- 
ance, etc.,  of  crushed  rocks  have 
heen  used.  These  tests  were  stan- 
dardized in  this  country  by  the  U. 
S.  Office  of  Public  Roads..  They 
have  heretofore  been  carried  out 
with  particular  reference  to  deter- 
mining the  suitability  of  a  rock  for 
use  in  macadam  road  construction. 
It  is  not  clear  now  just  what  rela- 
tion the  evidences  of  these  tests  has 
to  the  suitability  of  a  crushed  rock 
for  use  as  a  concrete  aggregate. 
The  tests  which  have  been  standard- 
ized by  the  office  of  Public  Roads, 
cannot  readily  be  applied  to  gravels 
or  sands.  There  is  great  need  for 
tests  which  will  serve  to  discriminate 
between  aggregate  materials  which 
are  too  soft,  or  too  brittle,  for  use, 
and  those  which  may  lie  expected  to 
give  good  results. 

Little  attention  has  been  given  to 
determining  the  weathering  resist- 
ance of  aggregates.  Many  studies 
have  been  made  in  this  country  and 
in  Europe  for  the  purpose  of  deter- 
mining the  weathering  resistance  of 
building  stone.  A  laboratory  test 
which  will  furnish  an  infallible 
guide  to  the  weathering  resistance 
of  stones  under  different  climatic 
conditions  has  not  been  discovered, 
although  many  such  tests  have  been 
proposed  and  used.  Alternate  freez- 
ing and  thawing,  acids  or  some  dis- 
rupting agency  represent  the  most 
commonly  used  tests  for  this  pur- 
pose. Except  for  certain  classes  of 
concrete  construction  the  weathering 
resistance  of  aggregate  materials  is 
not  of  supreme  importance,  provid- 
ing we  are  assured  that  the  material 
will  not  be  decidedly  affected  by 
weather.  However,  for  use  in  the 
wearing  surface  of  roads  and  pave- 
ments, in  river  and  harbor  struc- 
tures,  etc.,   it   is   important   that  the 
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aggregate  possess  a  high  degree  of 
resistance  to  weathering. 

A  high  degree  of  resistance  to  fire 
is  an  important  property  of  an  ag- 
gregate which  is  to  be  used  in  biuld- 
ing  construction  and  is  a  desirable 
quality  for  all  aggregates.  It  is  a 
matter  of  common  experience  that 
material  of  very  low  fire  resistance 
frequently  gives  a  good  account  of 
itself  when  used  as  a  concrete  ag- 
gregate. Coke  breeze  and  coal  are 
frequently  used  as  aggregate  mate- 
rials. In  this  condition  the  mate- 
rials arc  affected  only  after  the  ap- 
plication of  a  high  degree  of  heat 
for  a  considerable  period  of  time. 

Further  experimental  studies 
should  be  made  of  the  fire  resistance 
of  concretes  made  from  different  ag- 
gregates. 

I).      STIIEXGTII    TESTS    OF    MORTAR    AND 
CONCRETE 

A  discussion  of  tests  of  concrete 
aggregates  must  of  necessity  deal 
largely  with  tests  of  mortars  and 
concretes,  since  it  is  in  this  form 
that  the  most  direct  indications  of 
the  quality  of  the  material  can  be 
obtained. 

A  suitable  strength  test  of  a  mor- 
tar or  concrete  made  up  from  a  good 
cement  and  the  aggregates  in  ques- 
tion, is  without  doubt  the  most  reli- 
able single  determination  which  can 
be  made.  This  test  gives  informa- 
tion as  to  whether  or  not  the  aggre- 
gate affects  the  setting  and  harden- 
ing of  the  cement — a  consideration 
of  prime  importance.  It  also  indi- 
cates what  may  be  expected  from  the 
standpoint  of  strength.  If  the  form 
of  test  specimen,  proportions,  meth- 
od of  mixing,  seasoning,  etc.,  are 
standardized  or  are  made  to  approx- 
imate those  used  in  the  work,  an  ex- 
cellent notion  can  be  secured  of  the 
probable  strength  of  the  concrete  in 
the  structure.  It  seems  apparent 
that  tests  of  concrete  would  furnish 
the  best  criterion  of  the  concrete- 
making  quality  of  either  a  fine  or 
a  coarse  aggregate. 

In  the  process  of  development  of 
tests  of  concrete  materials,  the  meth- 
od of  making  strength  tests  of  fine 
aggregates  was  adapted  largely  from 
the  methods  which  have  been  in  use 
for  many  years  in  tests  of  cements. 
The  most  reliable  test  of  a  cement 
which  is  now  recoarnized  as  standard 
is  that  resulting  from  a  test  of  ce- 
ment mixed  with  three  parts  by 
weight  of  standard  sand,  the  amount 
of  water  used  and  other  details  of 
the  test  being  specified. 

The  foregoing,  of  course,  refers 
to  tension  tests  of  briquettes.  For 
the  details  of  making  and  testing 
sand  mortar  briquettes,  reference 
may  be  made  to  the  Standard  Speci- 


fications for  Portland  Cement  of  the 
Am.  Soc.  for  Test.  Mat.,  and  the 
Report  of  Committee  on  Uniform 
Tests  of  Cement  of  the  Am.  Soc.  of 
Civ.  Engrs.  These  reports  can  gen- 
erally be  secured  from  the  cement 
manufacturing  companies.  The 
equipment  which  is  necessary  for  a 
cement  testing  laboratory  will  also 
serve  for  making  briquette  tests  of 
fine  aggregates. 

A  1  :3  mix  of  cement  and  sand  has 
become  standard  largely  for  the  rea- 
son that  differences  in  the  quality  of 
the  cement  or  sand  are  emphasized 
to  a  much  greater  extent  by  a  com- 
paratively lean  mix  of  mortar  than 
by  a  richer  mix.  For  instance,  the 
difference  in  the  results  of  the 
strength  test  of  a  coarse,  well  grad- 
ed concrete  sand  and  a  fine  sand 
which  is  wholly  unsuited  for  first- 
class  concrete  work  is  less  in  the 
case  of  a  1 :2  mix  than  in  a  1  :3 
mix.  The  reason  for  this  result 
seems  to  be  that  the  1 :2  mix  gives 
an  excess  of  mortar  for  both  sands, 
whereas  in  the  1 :!)  mix  the  effect 
due  to  the  finely  divided  state  of 
the  sand,  or  to  the  excess  of  voids, 
is  emphasized  by  the  leaner  mix. 

Recent  experiences  in  testing  con- 
crete aggregates  have  indicated  that 
the  present  briquette  test  of  sands 
may  be  of  questionable  value  when 
one  attempts  to  discriminate  among 
different  sands  which  are  offered  for 
use.  This  has  led  to  inquiry  as  to 
whether  or  not  compression  tests  of 
sand  mortars,  or  compression  tests 
of  concrete  in  which  the  fine  aggre- 
gate is  used  may  not  be  expected 
to  furnish  a  better  criterion  as  to 
the  concrete-making  quality  of  the 
material. 

The  earlier  experimenters  were  in 
the  habit  of  testing  in  compression 
the  two  halves  of  the  briquettes  re- 
sulting from  the  tension  tests  of  mor- 
tar. However,  on  account  of  the 
irregularity  of  the  specimen,  and  the 
difficulty  of  applying  the  load  cen- 
trally, such  tests  have  not  been  con- 
sidered of  much  value.  The  meth- 
ods of  test  recommended  by  the 
Committee  of  the  Am.  Soc.  of  Civ. 
Engrs.  requires  the  use  of  2-in.  mor- 
tar cubes  for  compression  tests. 
These  specimens  are  stored  in  the 
same  way  as  the  briquettes.  This 
form  of  specimen  has  not  been  wide- 
ly used  in  this  country,  although  it 
is  a  standard  form  in  Germany. 

It  has  long  been  recognized  that 
the  dimensions  and  shape  of  a  com- 
pression specimen  of  a  material  of 
the  nature  of  concrete  and  mortar 
have  an  important  influence  on  the 
strength  and  on  the  uniformity  of 
the  results.  Tests  on  concrete  show 
that  the  use  of  a  cvlindrieal  speci- 
men having  a  length  equal  to  two 
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diameters  has  distinct  advantages. 
In  a  specimen  of  this  form  the  in- 
fluence of  the  frictional  resistance  of 
the  bearing  plates  of  the  machine  is 
not  such  an  important  factor,  since 
the  natural  lines  of  stress  are  not 
interrupted.  Specimens  of  cylindri- 
cal form  are  much  more  easily  made 
and  handled.  The  strengths  obtained 
in  specimens  of  this  kind  more  near- 
ly correspond  to  the  strength  of  the 
concrete  in  the  structures.  For  this 
reason  the  values  from  such  a  test 
are  more  representative.  The  lower 
breaking  loads  enable  larger  speci- 
mens to  be  tested  in  a  machine  of  a 
given  capacity.  With  a  length  equal 
to  two  diameters,  small  differences 
in  length  do  not  have  such  an  im- 
portant influence  on  the  resulting 
strength. 

It  has  been  found  that  6-in.  con- 
crete cubes  show  a  compressive 
strength  of  about  12,5%  of  that  of 
8-in.  X  l6-in.  cylinders  from  the 
same  concrete.  It  seems  probable 
that  a  similar  ratio  holds  for  mortar 
specimens  of  the  same  relative  sizes. 

The  methods  of  conducting 
strength  tests  of  mortar  and  con- 
crete described  below  arc  those  in 
use  at  the  Structural  ^Materials  Re- 
search Laboratory,  Lewis  Institute, 
Chicago.  Briquette  tests  of  sand 
mortars  are  always  made,  since  these 
tests  form  the  basis  of  the  present 
specification  requirements.  However, 
it  is  felt  that  the  compression  test  is 
a  better  criterion  of  the  concrete- 
making  quality  of  a  fine  aggregate. 
The  methods  of  making  briquette 
tests  do  not  differ  from  those  used 
in  other  laboratories,  since  they  fol- 
low the  recommendations  of  the 
Committee  of  the  Am.  Soc.  of  Civ. 
Engrs.  Compression  tests  are  made 
on  cylinders  having  a  length  of  two 
diameters.  Cylinders  of  3"  x  6", 
2"  X  4"  and  IV2"  x  3"  have  been 
used  for  mortar  tests  of  fine  agore- 
gates;  8"  x  16",  6"  x  12",  5"  x 
10"  and  4"  x  8"  for  concrete  tests 
of  coarse  aggregates.  L^nless  it  is 
desired  to  study  the  effect  of  size  of 
specimen,  2-in.  x  4-in.  specimens  are 
used  for  mortar  tests  and  6-in.  x 
12-in.  for  concrete  tests. 

Fig.  1  shows  a  steel-top  table  and 
the  equipment  necessary  for  making 
briquettes  and  compression  speci- 
mens of  cement  or  sand  mortars. 


Architectural  papers  are  referring 
to  the  use  of  reinforced  concrete  in 
church  construction  and  cite  the 
Cathedral  of  Poti  in  Russia  as  a 
type  of  an  entire  building  being 
erected  with  this  material.  Another 
use  that  is  referred  to  is  a  new  one, 
namely,  that  of  adding  towers  and 
spires  of  concrete  in  order  to  com- 
plete an  unfinished  church. 
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Fig.  1 — First  Section  of  Bkeakwater 

Figs.  2  and  3 — Third  Section,  Showing 
Concrete  Sidewalk 

A  Reinforced  Concrete 
Breakwater 

By  D.  C.   Finulay' 

The  purpose  of  the  breakwater 
described  in  this  article  is  to  pre- 
vent the  waves  caused  by  high  tides, 
accompanied  by  strong  winds,  from 
undermining  the  lawn  and  grounds 
of  an  estate.  As  damage  is  done  by 
exceptional  storms  onl}-,  it  was  not 
considered  necessary  to  exclude  the 
water  entirely,  but  rather  to  con- 
struct a  wall  that  would  break  up  the 
heavy  seas,  and  dissipate  their 
energy. 

The  foundations  necessitated  three 
types  of  wall:  A  pier  and  reinforced 
beam  structure  on  piers  sunk  in  the 
sandy  beach;  a  low  gravity  section 
wall  on  rock;  and  a  section  of  pier 
and  beam  wall  on  rock  which  was 
so  badly  seamed  and  broken  that  it 
would  have  been  difficult  to  build  a 
solid  wall  the  entire  length ;  conse- 
quently,   it   was    decided   to    build   a 
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structure  of  piers,  located  on  availa- 
ble ledges,  and  connected  by  heavy 
reinforced  concrete  beams. 

As  the  maximum  variation  of  the 
tide  was  about  12'  the  site  was  ex- 
posed at  low  tide,  and  workmen  ex- 
cavated the  spread  footings  of  the 
first  sections  to  good  bearings,  and  a 
reinforced  concrete  footing  was 
poured,  on  which  the  piers  were 
built.  Fig.  1  shows  this  portion  of 
the  wall.  The  gravity  tj'pe  wall  was 
selected  for  the  second  section,  as 
the  foundations  were  suitable  and  the 
height  of  the  rock  required  only  a 
shallow  wall;  this  wall  was  12"  wide 
op  top,  battered  back  1  to  4.  It 
was  tied  into  an  existing  retaining 
wall.  The  third  section,  shown  in 
Figs.  2  and  3,  supports  a  reinforced 
concrete  walk  6"  thick  by  2'  6" 
wide,  with  a  galvanized  pipe  hand 
railing  along  each  side^  not  shown 
in  tli^  illustrations.  The  height  of 
the  wall  was  fixed  at  18"  above  ex- 
treme high  tide.  Beams  were  made 
12"  wide  by  36"  deep  and  were  re- 
inforced with  three  bent,  and  two 
straight  %-in.  round  rods  with  the 
necessary  stirrups.  Fig.  4. 

At  high  tides,  the  waves  break 
against  the  wall,  are  reflected  and 
broken  up ;  the  water  behind  is  quite 
calm.  At  low  tides  the  water  is  not 
obstructed  and  does  no  damage.  A 
set  of  concrete  steps  leads  up  to  the 
lawn,  and  the  walk  leads  to  a  private 
boat  house  at  its  far  end. 

The  breakwater  has  passed  satis- 
factorily through  the  severe  storms 
of  two  winters.  It  was  designed  by 
D.  C.  Findlay,  C.  E.,  for  Lieut.- 
Gov.  Barnard,  and  was  constructed 
by  Navlor  Bros.,  Victoria,  B.  C. 


The  London  Daily  Mail  from 
Rotterdam  says : 

Smuggling  of  oil  into  Belgium  and 
Germany  across  the  Dutch  frontier  has 
become  a  fine  art.  This  week  a  suspi- 
cious Dutch  customs  officer  at  Rotter- 
dam tapped  a  cement  block  on  a  railway 
truck  with  a  hammer  and  benzine  poured 
out  of  the  block.  Several  railway  wag- 
ons were  found  fitted  with  block,  each 
containing  nearly  8  gals,  of  benzine. 
Last  week  tombstones,  said  to  be  for 
marking  the  graves  of  German  soldiers 
in  Belgium,  were  found  to  be  hollow 
and  filled   with  benzine. 


4 — Detail  of  Beam  and  Foot  Walk 
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Some  Hoic-They-Do-It  Details  from  the 
Concrete  Products  Field 


liv  H.vinKv  Whipple 


Selling'  and  Cost  Kcepinu- 
Ideas  tVoiii  l^arberton 

Products  maiuiracturers  reading 
Concrete  will  reinonibcr  an  article 
published  in  the  Sept.,  1011,  issue 
deseribinjj  in  eonsidfrable  detail  the 
layout  and  the  equipment  of  the  new 
plant  of  the  O.  C.  Barber  Concrete 
Co.,  Barberton,  Ohio.  This  plant 
began  operations  in  the  earh'  fall  of 
1911  and  in  spite  of  the  unusually 
large  investment  in  this  enterprise 
for  building,  equipment,  gravel  jjlant 
machinery,  etc.,  the  first  year's  oper- 
ation shows  a  balance  on  the  right 
side  of  the  ledger,  making  full  al- 
lowance for  depreciation,  interest  on 
investment  and  other  items  of  ex- 
pense in  factory  operation.  The 
plant  is  under  tlie  man.igciiu  iit  of 
P.  E,  McAllister. 

It  is  not  the  purpose  here  to  go 
into  all  the  details  of  tlie  operations 
but  merely  to  consider  some  of  the 
features  of  the  business  sj'stem 
adopted  bj'  this  company  in  getting 
business  and  in  taking  care  of  it, 
measures  which  it  is  believed  have  to 
a  great  extent  been  responsible  for 
the  unusual  success  of  the  factory  in 
its  first  year.  To  "come  out  even"  at 
all  was  hardl_v  to  be  expected,  ]wr- 
ticularly  in  view  of  the  fact  that  the 
plant  has  not  been  operated  to  more 
than  one-half  of  its  capacity,  and 
considering  also  the  human  elements 
involved  in  getting  an  organization 
started  and  in  getting  a  system  into 
operation  with  men  broken  in  to  take 
care  of  their  duties  efficiently,  under 
new  conditions. 

GETTING    BUSINESS 

Three  men  have  been  kept  on  the 
road  after  business  most  of  the  time 
and  they  have  confined  their  work 
chiefly  to  the  state  of  Ohio  and  to 
western  Pennsylvania.  These  men 
have  been  calling  upon  architects 
and  upon  owners  getting  ready  to 
build  and  have  merely  sought  oppor- 
tunities for  the  Barber  Co.  to  bid  on 
work  to  be  undertaken,  in  competi- 
tion not  only  with  natural  stone  but 
to  some  extent  of  course  with  other 
manufacturers      of     concrete     stone 
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Here  are  eight  pages-  of  nolcn 
for  makers  of  factory  products 
of  concrete.  This  material  is 
fragmentary  hut  informative. 
Let  us  suppose  a  convention  of 
concrete  stone  manufacturers — 
an  experience  meeting — ivith 
no  formal  papers  and  finished 
discussions.  The  talk  is  right 
out  of  the  shop.  Only  by  worL-- 
ing  over  such  experience  in  the 
field  can  it  e.^tablish  itself  in 
general  practice  or  be  finally 
discarded  for  something  better. 


serving  the  same  territory.  Most  of 
the  first  year's  business  has  been  in 
dimension  stone  and  not  in  standard 
units  such  as  concrete  block. 

In  addition  to  the  three  men  on 
the  road  the  eompanj-  has  in  the 
neighborhood  of  100  .igents.  most  of 
them  in  the  state  of  Ohio.  Efl'ort  is 
usually  made  to  secure  for  a  local 
agent  a  building  supply  man  with 
standing  in  the  community  and  in 
return  for  his  efforts  he  has  been 
paid  from  5%  to  10%  commission 
on  the  job.  the  amount  depending 
upon  various  conditions,  such  as  the 
amount  of  assistance  given  by  the 
field  men  operating  directly  from 
the  home  oflice. 

A  further  effort  in  getting  busi- 
ness has  been  in  equij)])ing  all  local 
agents  with  complete  lines  of  sample 
stone  and  in  being  generous  with 
architects  in  the  matter  of  samples. 

Among  the  more  important  con- 
tracts in  this  first  year's  operation 
have  been  17  public  school  buildings 
and  six  churches. 

OFFICE    AND    SHOP    SYSTEM 

AVhen  a  set  of  blue  prints  is  re- 
ceived in  the  office  of  the  Barber  Co. 
for  the  preparation  of  an  estimate 
an  office  order  is  first  made  out.  This 
office  order  is  to  cover  only  the  mat- 
ter of  the  preparation  of  an  esti- 
mate. The  office  order  card  gives 
sufficient  information  as  to  the  owner 
of   the    building,    the    architect,    the 


kind  of  stone,  etc.,  and  is  sent  with 
the  blue  prints  to  the  drafting  de- 
partment where  the  blue  prints  may 
be  split  up  for  rough  detailing  of 
the  pieces  required  and  for  the  prep- 
aration of  an  estimate  by  one  of 
three  different  men,  including  Mr. 
McAllister.  A  sample  estimate  sheet 
is  shown  in  an  accomjjanying  illus- 
tration, which  gives  an  idea  of  the 
detail  entered  into  merely  to  pre- 
pare an  estimate  in  advance.  Record 
is  kept  of  this  on  a  Quotation  Rec- 
ord card,  a  sample  of  which  is  shown 
in  Fig.  2.  This  is  placed  in  a  fol- 
low-up file  and  it  is  the  duty  of  the 
sales  department  to  keep  in  touch 
with  architects  and  builders  until 
order  is  placed.  The  card  is  then 
filed  for  further  reference  later  on, 
if  the  job  comes  in  to  be  done. 

A  careful  record  is  kept  of  the 
time  required  in  the  drafting  depart- 
ment and  in  estimating  and  the  cost 
of  this  preliminary  estimate  is  re- 
corded and  is  designated  as  belong- 
ing to  a  certain  job.  It  is  sent  to 
the  cost-keeping  department.  If  the 
order  is  received  the  cost  of  the  esti- 
mate is  charged  against  the  job;  if 
order  is  not  received,  this  cost  is 
charged  against  overhead  expense. 
One  man  gives  his  entire  time  to  cost 
records  and  one  young  woman  as- 
sists on  this  work. 

When  the  order  comes  in  on  an 
estimate,  the  drawings  are  gone  over 
in  the  sales  department  to  determine 
just  when  certain  stone  for  various 
parts  of  the  work  are  required.  This, 
of  course,  usually  follows  a  certain 
definite  order  and  the  first  shipment 
will  undoubtedly  include  the  base 
course  and  everything  below  the  base 
course,  if  the  work  is  for  the  trim 
of  an  entire  building.  The  card 
shown  in  Fig.  S  is  filled  out  and 
sent  to  the  drafting  department  so 
that  details  may  be  prepared 
promptly  for  that  part  of  the  work 
which  is  to  be  done  first.  A  job 
card  as  shown  in  Fig.  4  is  made  out 
in  the  drafting  department  and  sent 
with  full-sized  details,  if  these  are 
necessary,  to  the  pattern  depart- 
ment, going  first,  however,  to  the 
foreman  of  the  shop.  A  copy  of  a 
shipping  order  to  correspond  with 
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Fig.  1 — Sample  Estimate  Sheet 

all  of  tlie  various  pieces  shown  is 
sent  to  the  shipping  clerk,  who 
keeps  in  touch  with  the  foreman.  It 
is  the  responsibility  of  the  foreman 
of  the  pattern  department  to  get  out 
the    necessary    molds    so    tliat    they 

ORDER  AND  SHIPPING  RECORD 
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Fig.   2 — Quotation'    Record   Card,   O.   C. 
Barber  Concrete  Co. 


may  reach  tlie  shop  and  the  pieces 
be  cast  and  given  sufficient  time  for 
curing  so  as  to  be  ready  on  the  sliip- 
ping  date. 

COST    RECORDS 

Everjf  man  keeps  a  time  card  for 
himself.  Every  draftsman  indicates 
the  number  of  hours  and  minutes 
that  he  spends  on  stone  details  for 
a  given  job;  the  pattern  department 
men  indicate  the  time  they  spend  in 
preparing  the  patterns  and  molds ; 
the  molding  department  indicates 
the  time  spent  in  making  each  piece 
and  all  this  record,  properly  identi- 


fied as  to  the  number  of  the  job  and 
the  number  of  the  stone,  goes  to  the 
cost  department.  This  cost  infor- 
mation, being  gradually  accumulat- 
ed, is  of  course  of  increasing  value 
all  the  time,  to  the  estimating  de- 
partment in  making  close  figuring 
possible. 

A  complete  record  is  kept  not 
only  of  the  cost  of  these  operations 
but  also  the  cost  of  the  material  used 


large  hoppers,  in  boxes  on  special 
trucks-  alongside  the  bankers  where 
the  stone  is  being  made.  A  record 
is  kept  of  the  supjjly  of  mixed  ma- 
terial each  step  of  the  way. 

The  man  in  charge  of  materials 
for  the  Barber  Co.,  (which  is  also- 
dealing  in  building  materials  besides 
using  large  quantities)  charges  the 
mixer  man  with  the  materials  deliv- 
ered to  him.    The  mixer  man  charges- 
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Fig.  4 — Jon  Card,  Detailing  Each  Stone 

in  the  work. 

The  Barber  plant  is  equipped 
with  an  electric,  overhead,  monorail, 
trolley  system^  to  convey  mixed  con- 
crete from  the  level  of  an  intermedi- 
ate floor  or  mezzanine  4'  below  the 
second  floor.  This  is  just  back  of 
the  molding  room,  over  which  there 
is  no  second  story.  The  concrete  is 
conveyed  in  the  mixers  in  bottom- 
dump  buckets  direct  to  hoppers 
above  the  machines  or  into  hoppers 
convenient  for  the  use  of  men  in  the 
dimension  stone  department.  In  this 
department  it  is  conveyed   from  the 

'Brown     Hoisting     Macliy.     Co.,    Cleveland, 


each  molder  in  the  shop  with  the 
material  sent  out  in  the  buckets  over 
the  trolley  to  his  particular  station. 
In  this  way  there  is  a  record  for  the 
cost  department  not  only  of  the 
mixed  materials  delivered  by  the 
mixer  man  to  each  molder  but  the 
cards  from  the  molder  on  which  he 
itemizes  the  time  he  spent  on  each 
piece,  checks  against  the  materials, 
inasmuch  as  the  dimensions  of  the 
pieces  are  known.  Gravel  is  deliv- 
ered by  a  belt  conveyor  from  the 
gravel  plant,  which  is  at  a  little  dis- 
tance from  the  factory  proper.  The 
belt  conveyor   deposits  the  material 
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quotation  record 


Fig.  3 — Card  Indicating  Dates  on 
Which  Various  Parts  of  Stone  Job 
Must  Be  Shipped 
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Fig.  5 — Showing  Fqrm  op  Shipping  Order 
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in  bins  of  10  cu.  yd.  capacity  wliicli 
feed  into  %-yd.  measuring  boxes, 
thence  directly  into  the  hoppers  of 
continuous  mixers.  Materi;il  is  let 
down  from  the  10-yd.  bin  to  the 
measuring;  box  and  by  means  of  a 
sliding  gate  is  dropped  into  the 
mixer  as  needed.  This  arrangement 
furnishes  a  check  on  the  gravel  used. 
The  layout  of  this  ecjuipment  was 
described  in  connection  with  the 
article  published  in  the  Sept.,  If) IK 
issue. 

At  the  present  time  the  force  of 
the  Barber  plant  consists,  besides 
the  manager,  of  a  sales  manager,  a 
cost  man.  a  bookkeeper,  and  two 
young  women.  There  are  eight  men 
in  the  drafting  department,  includ- 
ing the  foreman,  four  men  in  the 
modeling  and  pattern  shop,  and  four 
men  in  the  wood  working  depart- 
ment. The  total  number  of  employes 
is  about  .00. 


Fig.     1 C'lKNEHAI.    ViKW     TN     .Mdl.lll 

CKETE   Co.,    B.\BBEBTOX,   OhiO 


Room,  219'  Long,  I'l 


Lathe  U.sed  in  Finishing 
Surface.s  of  Some  Cir- 
cular Prodiiet.s 

There  is  an  interesting  piece  of 
equipment  in  the  products  plant  of 
Schaeffer  Bros.,  Rochester,  X.  Y. 
One  particular  advantage  of  the 
c<]uipment  is  that  it  can  be  start- 
ed going  and  then  left  to  get  along 
very  well  by  itself.  Actually  it  is 
nothing  but  a  wood  lathe,  but  the 
way  the  lathe  principle  is  applied  in 
this  case  to  concrete  products  manu- 
facture is  just  a  little  unusu"!.  It 
is  used  on  round  objects,  objects 
which  have  no  intricate  projecting 
detail,  such  as  round  balusters,  sim- 
ple types  of  vases,  etc.  These  are 
tightened  in  the  lathe  on  their  cen- 
tral axes  and  are  made  to  revolve  in 
a  shallow  box  of  sand  placed  under- 
neath. A  piece  of  bagging  is 
stretched  over  the  lathe  and  over 
the  piece  of  work  which  is  being  fin- 
ished so  that  the  sand  does  not  fly 
but  is  all  returned  to  the  box.  This 
gives  a  splendid  sand-rubbed  finish 
on  many  classes  of  work  and  at  a 
very  small  expense. 


Round  Products  Finished  on  Lathe, 
BT   Revolving  in  Sand 
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E{|ui|)iiient    aiul    ()|)era- 
tioii  of  a  Lar^e  Prod- 
nets  Plant 

This  is  just  a  picture  story  but 
the  reproductions  of  photographs 
made  in  the  plant  of  the  O.  C.  Bar- 
ber Concrete  Company,  Barberton, 
Oliio.  probably  the  most  elaboratelj' 
e{|uip|)e(l  concrete  products  plant  in 
this  country,  will  carry  some  ideas 
wliieh  should  be  useful  to  men  in 
concrete  products  manufacture, 
whose  factories,  though  smaller,  de- 
mand the  same  care  in  efficient  op- 
eration. 

The  main  building  is  2 If)'  wide 
and  28f)'  deep.  Fig.  1  is  a  view 
t.iken  of  the  main  molding  and  cast- 
ing room  looking  from  corner  to  cor- 
ner, the  camera  having  been  placed 
on  a  narrow  balcony  on  the  second 
story  level.  This  balconj'  or  run- 
way, which  is  placed  on  brackets 
(seen  in  the  upper  right  hand  corner 
of  Fig.  1 )  serves  as  a  means  of  com- 
munication between  the  drafting 
room  which  is  in  the  second  story  of 
a  projecting  wing  on  one  corner  of 
the  front  of  the  building  and  the 
modeling  department  which  is  on  the 
second  floor  of  a  wing  at  the  other 
front  corner  and  between  both  of 
these  and  the  second  floor  over  the 
rear  of  the  building.  This  main 
molding  and  casting  room  is  219' 
wide.  At  S  is  shown  an  intermedi- 
ate level  about  V  below  the  level  of 
the  second  floor.  In  reality  this  is 
a  balcony  or  mezzanine  on  which  a 
battery  of  mixers  has  been  placed  to 
serve  the  big  room  in  front.  The 
body  concrete  is  delivered  to  the  va- 
rious molders  and  machine  operators 
in     bottom-dump     buckets     (one    of 


which  is  shown  at  B).  These  buck- 
ets are  part  of  an  overhead  mono- 
rail system'  operated  by  electricity, 
with  tracks  and  switches  so  arranged 
that  a  bucket  of  concrete  may  be 
delivered  to  any  operator  and  dump- 
ed into  the  hopper  above  his  ma- 
chine. Facing  material,  which  is 
also  mixed  on  the  balcony,  is  placed 
in  1-cu.  ft.  boxes  and  lowered  by 
means  of  the  elevator  shown  at  E. 

There  are  14  curing  tunnels  and 
the  doors  of  four  of  them  are  indi- 
cated at  R.  In  the  near  foreground 
is  the  space  devoted  to  the  manufac- 
ture of  dimension  stone.  It  is  seen 
that  the  rails  or  bankers  are  placed 
on  iron  pipe  supports  which  are 
screwed  into  pipe  flanges  set  in  the 
concrete  floor  in  such  a  way  that  the 
standards  can  be  removed  at  any 
time  and  their  location  changed  sim- 
ply by  screwing  the  standards  into 
diflPerent  flanges.  The  floor  is  thus 
left  clear  when  the  standards  are 
moved.  Farther  back  in  the  picture 
are  block  machines  and  special  note 
should  be  taken  of  the  big  hoppers 
indicated  at  H,  into  which  a  supply 
of  concrete  is  dropped  from  the 
traveling  bucket. 

The  four-deck  cars,"  one  of  which 
is  indicated  at  C,  are  of  a  special 
type  built  of  channel  iron,  and  it  will 
be  noted  that  they  stand  in  pits  12" 
below  the  nnin  floor  level.  This 
makes  it  possible  to  use  the  fourth 
deck  of  the  ear  without  too  high  a 
reach  for  the  block  maker. 

In  Fig.  2.  is  a  view  of  a  part  of 
the  mixer  battery  on  the  mezzanine 
floor.     Continuous  mixers'  are  used 


'Brown     Hoisting    Machy.    Co.,    Cleveland, 
Ohio 
'Atlas  Car  Mfg.  Co.,  Cleveland,  Ohio 
'Kent  Machine  Co.,  Kent,  Ohio 
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Fig.  2 — Part  uf  tuk   .M 
Intermediate  Floor  Level 

with  special  hoppers  which  arc  ke]3t 
filled  from  bins  above,  the  bin  sup- 
ply being  replenished  b_y  a  conveyor 
belt*  from  the  gravel  plant  which  is 
at  a  sliort  distance  from  the  factory. 
The  mixer  in  the  picture  shown  at 
M  is  one  of  three.  It  feeds  into  the 
electrically  operated  buckets,  one  of 
which  is  shown  at  B.  There  are 
eight  of  them  of  8  cu.  ft.  capacity 
each.  Facing  materials  are  prepared 
in    Blvstone^    and    in    Jaeger''    small 


*Conveyor    System,    Union    Eng   Co.,    Cleve- 
land,  Ohio 
"Blystone  Mfg.  Co.,  Cambridge  Springs,  Pa. 
•Jaeger  Machine  Co..  Columbus,  Oliio 


XD  Block  Machines 


batch  mixers.  Boxes  used  to  hold 
facing  material  are  shown  in  the 
lower  right  corner  and  one  of  tlie 
boxes  is  shown  immediately  in  front 
of  the  small  batch  mixer.  Each  box 
holds   1   eu.  ft. 

In  Fig.  3  is  a  near  view  of  a  row 
of  block  machines,  showing  the  big 
hopper  construction  above  them  by 
means  of  which  the  operators  are 
kept  supplied  with  concrete.  The 
convenient  location  of  the  elevator 
by  whicli  the  boxes  of  facing  mix- 
ture are  delivered  is  shown  again  at 
E.  This  row  of  machines  is  at  right 
angles    to    the    mezzanine     floor     on 


which  the  mixer  stands. 

The  special  4-deck  block  cars 
have  alreadj-  been  mentioned  and  a 
nearer  view  is  shown  in  Fig.  4  with 
the  block  machines  in  the  back- 
ground. This  view  gives  a  good  idea 
of  the  construction  of  the  pits  in 
wliich  cars  are  run  in  order  to  be  at 
a  better  level  for  loading.  It  will 
be  noticed  that  the  rails  on  which 
the  cars  run  do  not  project  above 
the  floor  but  are  flush  with  grooves 
cut  wlien  the  concrete  floor  was  laid. 

In  Fig.  .5  are  two  views  showing 
one  of  the  hoppers  which  serve  the 
dimension  s':one  de))artment.     In  the 


Fig.  3 — Row  of  Block  Machines 


February,  1916 


CONCRETE 


Fig.  5— Il.ii'iiii  xm.  - 
Concrete  L  sld  in  Uimi 
partment 


FOR 

De- 


upper  view  the  electrically  driven 
bucket  is  dumping  but  the  movement 
was  too  fast  for  the  camera  because 
it  was  necessary  to  take  a  time  ex- 
posure. This  view  is  looking  down 
on  the  hopper  from  the  balcony 
level.  In  the  lower  view  a  car  is 
shown  as  run  under  the  hopper  to 
be  filled  with  concrete.  This  is  a 
special  car"  designed  to  run  between 
the  bankers  and  serve  the  dimension 
stone  molders. 


Four  and  a  half  mi.  of  concrete 
fence  flank  the  rapid  transit  road 
just  constructed  on  Long  Island  as 
a  part  of  the  Sea  Beach  Line  im- 
provement. The  fence  is  V  6"  high, 
supported  on  reinforced  concrete 
posts  7"  X  7"  X  4'  10",  with  alter- 
nate posts  7"  X  9"  for  expansion, 
spaced  8'  1"  o.  c.  The  concrete 
consisted  of  1  part  Portland  cement, 
2  parts  sand  and  i  parts  of  small 
pebbles,  and  the  work  presents  a 
most  attractive  appearance  and  prac- 
tically guards  the  roadway  for  the 
long  distance  already  described. 

'The  Equipment  Mfg.  Co..  Warren.  Ohio 
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liulk  Cement  in  a  Silo 
Stave  Plant 

There  is  interest  in  the  products 
pl:int  of  C.  J.  and  M.  Davis.  Time- 
well,  III.,  whose  principal  output  is 
Interlocking  silo  staves.'  because 
tiicj-  use  bulk  cement  and  find  that 
it  pays,  with  no  more  special  appa- 
r;itus  than  wheelbarrows  and  one 
slioj)  car  with  a  flat  open  box  on  it 
lor  handling  the  bulk  material.  A 
letter  from  H.  Bradnev,  mgr.  of  the 
))lant,  says  in  part: 

Bulk  cement  is  the  liaiulicst  and  liest 
thing  we  have.  The  bulk  cement  room 
iind  the  sand  pit  are  sii\e  by  side,  with 
tlie  mixer  about  equidistant  from  each 
supjily  of  material.  Early  in  the  morn- 
inp  we  fill  a  flat  ear  with  a  large  box  on 
it  full  of  bulk  cement  and  run  it  up  to 
tlie  mouth  of  the  Winner  batch  mixer.- 
It  is  much  easier  to  shovel  bulk  cement 
into  a  mixer  than  it  is  to  untie  sacks 
;ind  clean  them  afterwards,  to  say  noth- 
ing about  the  bother  of  taking  care  of 
them   afterwards. 

.Sack  cement  co.sts  iis  about  3  ets.  per 
bbl.  to  unload.  Bulk  cement  costs  us 
il>out  the  same,  or  sometimes  n  cent 
more.  AVe  use  about  a  carload  a  month 
l^esides  what  we  sell.  We  keep  sack 
lement  for  customers. 

We  get  bulk  cement  in  lT3-bbl.  cars. 
The  car  is  run  on  our  siding  almost  to 
our  bulk  room.  .An  elevated  platform 
with  only  a  slight  incline  runs  from  a 
trap  door  in  the  roof  of  the  bulk  room 
to  the  door  of  the  car.  The  distance 
from  the  door  in  the  roof  and  the  door 
in  the  car  is  about  20'.  Two  men  stay 
in  the  ear  and  two  men  wheel  the  cement 
to  the  room,  using  four  wheelbarrows. 
\  car  of  173  bbls.  can  easily  be  unload- 
ed in  6  hrs.  to  7  hrs. 

Two  men  divide  their  time  operating 
the  mixer,  making  silo  door  frames  and 
yarding  the  staves.  They  also  keep  two 
stave  makers  supplied  with  concrete, 
using  wheelbarrows  to  carry  the  mix 
about  5'.  Tlie  men  making  staves  do 
nothing  else  except  run  their  ears  into 
the  curing  rooms.  We  also  have  fence 
post  machines.  Ideal  block  machines,^ 
and  a  tile  machine.  But  extra  help 
is  used  to  operate  them.  Silos  are 
our  principal  product.  The  four  men 
make   a   silo   every  two   days,   complete. 


'Interlocking  Cement  Stave  Silo  Co.,  Des 
Moines,  la. 

'Cement  Tile  Machy.  Co..   Waterloo,   la. 

^Ideal  Concrete  Machinery  Co.,  Cincinnati, 
Ohio 


The  stave  makers  can  average  a  hundred 
staves  each  per  day.  By  adding  two 
more  men  we  can  increase  our  capacity 
to  a  silo  a  day.  The  staves  are  tamped 
and  handled  on  pallets. 

We  use  steam  curing  only  on  tile  and 
building  block,  because  in  curing  .staves 
with  steam  the  whole  surface  of  the 
stave  must  be  exposed  and  the  steam 
condenses  and  makes  holes  in  the  staves, 
by  dripping,  from  the  rafters.  (An 
arched  ceiling  would  prevent  dripping— 
Editors.)  The  staves,  after  being  left 
on  one  side  to  cure  for  2  das.,  are 
sprinkled  by  means  of  a  hose  in  the  yard 
for  several  days  afterward.  A  sketch 
shows  how  the  staves  are  piled  in  the 
yard. 


F.G. 


-Mow  Staves  .Vhe   I'u.eu  i.n'   Yard 


AVe  build  and  erect  silos  in  four  coun- 
ties. Transportation  breakage  is  so 
slight  that  it  need  not  be  considered  at 
all.  Freight  rates  are  low  and  do  not 
keep  us  from  competing  to  good  advan- 
tage with  any  silo  firm.  .'\n  average 
stave  silo  can  be  hauled  out  in  10  loads 
and  erected  in  2  das.  to  3  das. 

We  have  an  X-I^-AIU  tile  machine 
which,  when  running,  is  placed  where  the 
sket<-h  shows  the  block  machine.  It  has 
a  capacity  of  4,000  tile  per  day,  making 
sizes  from  S-in.  to  16-in.  We  are  also 
equipped  with  hand  molds  for  making 
larger  sizes.  We  have  Ideal  block  ma- 
chines,3  not  in  use  all  the  time. 

.V  12-h.  p.  Waterloo  Boys  engine  runs 
the  entire  works.  In  addition  to  run- 
ning the  tile  machine  and  mixer,  it  is 
connected  to  a  shaft  which  operates  a 
pumping  jack  which  forces  water  into 
a  large  pressure  tank.  This  gives  us 
water  any  place  on  the  grounds.  The 
shaft  also   operates   a  steel   drill. 


Fig.  1 — Rough  Outline  of  Layout  of 
DAns  Plant  at  Timewell,  III.,  Where 
Silo  Staves  are  Made 


Sheet  Steel  Doors  for  Curing 
Rooms  Replace  Wood 

When  the  plant  of  the  O.  C.  Bar- 
ber Concrete  Company,  Barberton, 
Ohio,  was  first  used  in  the  fall  of 
1914,  the  doors  of  the  curing  rooms 
were  of  matched  lumber.  Efforts 
were  made  to  prevent  their  taking  up 
moisture  and  swelling  unduly,  by 
using  heavy  coatings  of  paint.  Man- 
ager P.  E.  McAllister  says  that  this 
was  not  successful  and  that  it  finally 
became  necessary  to  take  these  doors 
off  entirely  and  to  build  up  doors  of 
sheet  steel  of  a  light  weight  on 
frames  of  T  iron  and  angle  iron 
which  are  now  in  use  and  are  giving 
satisfaction.  The  doors  work  up 
and  down,  balanced  by  counter 
weights  of  concrete. 

'Burrell  Mfg.  &  Supply  Co.,  Kankakee,  111. 
'Waterloo  Gas  Eng.  Co.,  Waterloo,  la. 
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Views  op  Trinity  Lutheran  Church,  Akron,  Concrete  Stone  Trim  by  George  Rackle  &  Sons  Co.,  Cle^teland: 
J.  W.  CoHBUsiEE,  Architect 
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Plaster  Piece  Mold  From 
Carved  Plaster  Model 

Models  for  a  great  deal  of  the 
work  of  a  special  character  requir- 
ing; intricate  plaster  molds  and  glue 
molds  at  the  plant  of  the  O.  C.  Bar- 
licr  Concrete  Co.,  Barberton,  Ohio, 
.ire  made  of  plaster  rather  than  of 
clay  .  Instead  of  producing  tlie 
model  in  clay  by  a  modeling  process 
it  is  frequently  produced  in  plaster, 
being  carved  out  of  a  specially  cast 
block  of  plaster.  The  rather  low- 
grade  plaster  used  is  found  to  an- 
swer all  the  requirenientK  of  the 
work.  The  design  is  laid  out  on  a 
nctangul.ir   block   and  the   model   is 


then  carved  in  all  its  details.  In 
Figs.  1  and  2  some  finishing  touches 
are  being  carved  on  this  plaster 
model,  and  sectional  plaster  molds 
are  being  made  from  it.  The  model 
had  already  been  shellacked  and 
part  of  the  piece  mold  had  been 
made  when  a  slight  undercut  was 
discovered  just  under  the  scroll.  This 
tiie  carver  is  seen  removing.  The 
model  itself  is  dark  in  the  picture 
shown  here  because  of  the  coating 
of  shellac.  It  will  be  seen  in  Figs. 
1  and  2  that  one  piece  of  the  mold 
(A)  to  encircle  the  scroll  just  half 
way  at  the  top  of  tlie  model  has  al- 
ready been  made.  In  Fig.  1  it  is 
shown  shoved  back  just  a  little  from 
the  scroll  into  which  it  fits.     Just  in 


Figs.    1-5 — Making    Plaster   Mold   fkom 
Plaster  Model 

February,  1916 


Fig.  6 — Plaster  Model  for  Altar  (Shown  ox  Page  Opposite) 

Fig.  7 — Two  Views  of  Modeling  Department  of  Rackle  Factory  While   Altab 
Models  Were  Being  Made 
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front  of  the  hand  of  the  carver  in 
Fig.  1  is  another  piece  of  the  mold. 
At  C  in  Fig.  2,  is  shown  the  upper 
end  of  this  model  which  has  already 
been  filled  in  with  plaster  held  by 
small  form  boards  clamped  into 
place.  In  making  these,  "fences"  of 
modeling  clay  were  used,  put  on  tlie 
model  at  the  desired  point  and  the 
plaster  worked  up  to  them.  Win  n 
the  plaster  is  hard  these  edges  next 
to  the  clay  "fences"  are  carefully 
smoothed  off,  shellacked  and  oiled 
before  the  piece  of  the  mold  adjoin- 
ing is  put  in.  This  operation  is 
sliown  in  Figs.  3,  4,  and  5.  At  the 
top  is  shown  the  finished  edge  (A) 
of  the  piece  marked  A  in  Fig.  1.  At 
B  in  Fig.  4  is  shown  a  clay  fence. 
The  space  on  the  model,  bounded  by 
the  fences  and  by  the  two  pieces  of 
mold  (top  and  Ijottom).  is  being 
filled  with  plaster.  In  Fig.  5,  more 
plaster  is  being  applied  to  the 
model.  The  hand  of  the  operator  is 
shown  rather  indistinctly,  applying 
the  plaster.  The  pan  in  which  the 
plaster  was  mixed  is  shown  in  the 
foreground. 

On  page  72  are  four  views  of 
the  Lutheran  churcli  at  Akron,  Ohio, 
the  stone  trim  inside  and  outside 
having  been  made  by  George  Rackle 
&  Sons  Co.,  Cleveland.  The  altar 
is  a  concrete  stone  in  reproduc- 
tion of  Caen  stone.  This  altar  in- 
cludes an  immense  amount  of  very 
fine  detail — some  of  the  flnials  in- 
cluding detail  smaller  in  section  than 
a  pencil.  It  is  interesting  in  con- 
nection with  the  consideration  of 
models  carved  in  plaster,  that  the 
altar  models  were  made  in  this  way. 
In  Figs.  6  and  7  some  of  this  work 
is  shown  in  progress  in  the  Rackle 
factorv. 


Polishing  a  Concrete  Table 
Top 

In  the  accompanying  illustration  a 
workman  at  the  plant  of  the  O.  C. 
Barber  Concrete  Co..  Barberton, 
Ohio,  is  shown  polishing  a  table  top 
using  a  carborundum  disc^  on  a  pol- 
isher driven  by  flexible  shafting. 
There  are  a  number  of  such  polish- 
ing equipments  on  the  market  now 
and  the  working  heads  can  be  fitted 
wit^i  grinding  discs  in  various  de- 
grees of  fineness  and  in  various 
shapes  to  get  at  different  kinds  of 
work,  some  being  suited  to  cutting 
out  verv  fine  details'. 


"Carborundum  Co.,   Niagara  Falls,   N.  Y. 
=E.  Cavitchi,  Quincy  Adams,  Mass. 


KiG.  1 — TrRNiXG  DiMEXsiox  Stone  Ovi:ii 
FOB  Removai.  of  Plaster  Mold 
Fig.  2 — Part  of  Mold  Remo\'ed 

Making-  a  Piece  of  Di- 
mension Stone 

Figs.  1  and  2  show  a  dimension 
stone  of  intricate  section  in  the  mak- 
ing. This  is  at  the  plant  of  the  O 
C.  Barber  Concrete  Co.,  Barberton. 
Ohio.  The  plaster  mold  has  been 
tamped  full  with  exposed  faces 
down  and  at  tlie  side  and  after  the 
mold  is  filled  tlie  surface  is  covered 
over  with  bedding  sand  to  a  depth  of 
about  l-;"  ^^^  carefully  leveled  by 
sliding  the  pallet  over  it  by  a  light 
easy  movement.  The  pallet  is  then 
clamped  down  as  shown  in  Fig.  1. 
The  near  side  as  shown  in  Fig.  1 
was  the  top  of  the  mold.  In  Fig.  2 
the  original  pallet  on  which  the  mold 


stood  has  been  removed  and  the  top, 
(tlie  bottom  as  molded)  and  one  side 
of  mold  taken  off.  It  will  be  noticed 
in  the  lower  riglit-hand  corner  and 
in  the  lower  left-hand  corner  of  the 
dimension  stone  as  it  rests  on  the 
))al]et  in  Fig.  2,  there  are  light  tri- 
angular areas.  These  are  bedding 
sand.  The  stone  is  complete  as  de- 
signed without  these  corners  but  in 
view  of  the  fact  that  the  block  had 
to  be  turned  over  to  rest  on  the  top 
side,  there  was  likelihood  that  the 
concrete  above  these  corners  might 
fall  out.  Tlierefore  the  corners 
were  filled  in,  after  all  the  concrete 
had  been  placed,  with  bedding  sand 
so  that  the  corners  of  the  stone 
would  have  something  on  which  to 
rest  when  turned  over. 

In  Fig.  S,  the  surface  of  a  fresh- 
ly made  piece  of  concrete  stone  is 
being   s)iraved    from    a    small    hand- 


FiG.  3 — Sprayi> 
WITH  Water 


1  iitsiu.v   .Made   Stoxe 


sprayer  of  the  type  used  by  florists 
in  spraying  plants.  The  spray  is 
nothing  but  water.  The  additional 
moisture  is  needed  by  the  facing 
and  besides  that  it  has  a  tendency 
to  brighten  the  facing  by  removing 
a  part  of  the  cement  which  coats 
the  facing  aggregate. 


PoLisHiN-G  Table  Top  with  Motob- 
Drivex  Disc 


-     New  "Cure"  for  Crazing 


M.  J.  Griflith,  employed  in  the 
pattern  department  of  the  O.  C. 
Barber  Concrete  Co.,  Barberton, 
Ohio,  in  talking  of  methods  of  pre- 
venting crazing  and  of  closing  up 
the  pores  and  hardening  the  surface 
of  concrete  stone  where  special  pre- 
cautions are  to  be  taken  against  both 
absorption  and  wear,  says  that  he 
has  found  great  satisfaction  in  the 
use  of  a   mixture  of   cotton-seed   oil 
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cut  with  a  little  turpentine.  This  he 
has  painted  onto  tile  eonerete  stone 
after  a  short  ciiritifj  period  in  wliieh 
the  surface  has  dried  out.  He  says 
that  this  prevents  to  a  very  great 
extent  the  crazing  which  is  the  banc 
of  many  concrete  products  manu- 
facturers .ind  increases  surface  den- 
sity. 

Mr.  Griffith  also  says  that  he  has 
used  a  mixture  of  1  lb.  of  stearic 
acid  heated  with  1  gal.  of  kerosene. 
Wlien  this  is  applied  in  the  same 
w:iy  that  the  other  mixture  is  used, 
Mr.  (Irilfith  lias  found  that  the  re- 
sulting surface  is  too  hard  to  per- 
mit any  finishing  of  the  concrete 
stone,  such  as  rubbing  or  ordinary 
tooling.  lie  finds  that  this  treat- 
ment is  objectionable  on  this  ac- 
count. It  might  be  worth  trying, 
however,  where  great  hardness  is 
wanted  .-md  no  surface  finishing  is 
to   bi-  (lone. 


Sand  Molds  for  Making 
Steps 

Enough  has  been  said  in  Cox- 
ritF.TK  from  time  to  time  on  the  use 
of  sand  molds  in  making  eonerete 
stone  so  that  the  general  methods 
and  operations  involved  are  under- 
stood. Most  of  such  work  referred 
to  has  been  factory  work  and  the 
-use  of  sand  molds  by  contractors  to 
meet  special  re(|uirements  of  a  par- 
ticular   job  is  not  common. 

In  certain  classes  of  work  it  be- 
comes convenient  to  use  a  process 
of  sand  easting,  for  an  irregular 
concrete  form  which  is  to  be  re- 
peated over  and  over  again.  The 
way  this  is  done  is  in  all  respects 
analagous  to  the  casting  of  iron. 
The  wooden  pattern  used  to  prepare 
the  mold  in  sand  is  handled  in  ex- 
actly the  same  way  as  the  pattern 
for  a  metal  easting.  An  interesting 
example  of  this  class  of  work  was 
done  several  years  ago  by  the  Aber- 
thaw  Const.  Co.,  Boston,  in  making 
the  concrete  seats  of  the  Harvard 
Stadium. 

To  the  casual  observer  inside  the 
stidiuni.  the  massive  structure  of 
concrete  looks  to  be  a  monolith,  with 
the  exception,  perhaps,  of  the  col- 
onnade around  the  top,  which  was 
added  after  the  Aberthaw  Const.  Co. 
had  finished  the  structural  part  of 
the  work.  As  a  matter  of  fact,  how- 
ever, these  seats  were  made  in  sec- 
tions, and  what  now  appears  to  be 
simply  expansion  joints  between 
them  are  actually  joints  between 
separate  costings.  The  sketch  in 
Fig.  1  shows  how  these  separate  sec- 
tions of  seat  were  placed  upon  the 
steel  structure  which  supports  them. 
Febrvary,  1916 
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The  molding  was  a  sim]>1c  matter, 
in  which  the  iiattern  was  placed 
upon  the  drag  (d),  I-'ig.  'i.  Sand 
was  then  rammed  all  around  it  (bb) 
within  the  flask.  A  hollow  wooden 
core,  placed  at  one  side  of  the  flask 
as  shown,  made  it  unnecessary  to  use 
large  quantities  of  sand,  and  what 
is  more  important,  largely  reduced 
the  weight  to  be  handled.  Then 
sand  was  rammed  up  around  the  top 
(cc),  and  the  top  board  put  in  place 
and  clamped. 


;:;.;»^^r-^u^-^v^Wl 


paCeern 


I'lG.    2 

The  whole  thing  was  then  turned 
upside  down  with  the  aid  of  a  small 
jib  crane.  Upon  removing  the  drag 
(d),  and  the  wooden  pattern,  the 
form  was  ready  for  the  insertion  of 
reinforcement  in  the  same  way  as  a 
mold  for  an  iron  easting  is  complet- 
ed by  the  insertion  of  cores. 

Clinton'^   wire   cloth   with   a   good- 

'Clinton  Wire  Cloth  Co.,  Clinton.  Mass. 


sized  mesh  was  used,  as  shown  in 
dotted  lines  in  Tig.  1,  witli  a  single 
twisted  rod  at  one  corner,  as  indi- 
cated. The  cement  used  was  in  the 
proportion  of  1 :2 :4,  small-sized 
stone  being  required  because  of  the 
small  space  into  which  the  concrete 
had  to   be   poured. 

The  hard  packed  sand  gave  a  fin- 
ish to  the  concrete  seats  which  was 
final.  Nothing  more  remained  to  be 
done  in  preparing  them  for  erection, 
with  the  exception  of  a  little  smooth- 
ing in  some  cases  at  the  points  (e) 
at  which  tliey  came  in  contact  with 
each  other  and  with  the  steel  struc- 
ture. 

The  under  side  of  the  seat  as 
erected  is  the  surface  which  is  free 
to  the  air  when  cast.  Any  irregu- 
larities appearing  in  it  are  hidden 
by  the  way  in  whieli  the  seats  were 
erected. 


Successful  in  Drain  Tile  Plant 
in  First  Year's  Operation 

The  accompanying  plan  and  sec- 
tional elevation  show  the  concrete 
products  plant  of  Joj'  &  Son,  Napa- 
nee,  Ont..  where  drain  tile,  sewer 
jiipe,  block,  brick  and  ornamental 
work  are  made.  By  means  of  a 
chute  from  the  mixer  at  the  second 
floor  level,  mixed  concrete  is  brought 
to  any  one  of  these  machines. 

An  "experience"  letter  from  ,Toy 
&  Son  is  in  part  as  follows : 

We  started  to  manufacture  concrete 
lirick,  block  and  tile  in  1910,  midor  an 
open  shed,  l>ut  have  since  put  up  a 
building,  60'  x  80',  as  shown  in  the  illus- 
tration. We  made  tile  with  hand  ma- 
chines, until  we  got  them  introduced. 
The  farmers  were  skeptical  of  them  at 
first,  but  we  finally  got  them  to  using 
them  in  preference  to  clay  tile;  in  fact, 
the  clay  tile  yard  closed  after  the  first 
year,  and  has  not  made  any  since.  We 
installed  a  Dunn  power  tile  machine,i 
which  gave  gootl  satisfaction,  and  which 
we  are  still  using  for  the  smaller  sizes, 
using  a  Besser  machine^  for  the  larger 
sizes.  We  use  electric  power  and  cure 
with  steam.  We  find  ready  sale  for  all 
we  make. 

nV.  E.  Dunn  Mfg.  Co..   Holland.  Mich. 
-Besser  Mfg.  Co..  Alpena,  Mich. 


CoxcRETE     Products     Factory, 


Pl.\x  axd  Sectiox  at  Elevatiox  of  Joy 

Napasee,  Oxt, 

Mixer  is   at   1    (second  floor)    with  cement   platform   hack  of  it;   2,  tile  machine; 

other  machines,  not  always  the  same,  at  3  and  4 — all  three  machines  fed  by  chute 

from  mixer  on  floor  or  platform  above;  o,  tile  or  block  car;  6,  brick  car;  7,  transfer; 

8,  portable  track 
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Is  Concrete  a  Good  Sewer  Material? — Let  49 
Municipal  Engineers  Answer 


The  advantages  of  concrete  sew- 
ers are  numerous ;  some  of  them 
were  stated  briefly  by  L.  R.  Ferg- 
uson^ in  a  paper  presented  at  the 
convention  of  the  Am.  Concrete  Pipe 
Assn.,  Feb.,  1915.  Mr.  Ferguson 
said  in  part: 

In  1872  concrete  pipe  was  used  in  the 
sewers  of  Alleghany.  Pa.,  and  as  long 
ago  as  1861  the  city  of  Brooklyn,  N.  Y., 
built  sewers  of  concrete  pipe.  In  the 
latter  city  they  now  have  upwards  of  500 
mi.  of  sewers  of  this  type.  Paris  and 
Vienna  have  long  used  concrete  sewer 
pipes.  In  fact,  these  cities  use  practi- 
cally no  other  type  of  construction. 

Concrete  sewer  jiipe  possesses  many 
advantages  over  other  types  of  sewer 
construction  and  these  advantages  are 
being  rapidly  recognized.     ♦     ♦     ♦ 

In  many  sections  of  the  country,  con- 
crete pipe  must  compete  with  terra  cotta. 
Here,  again,  reinforced  concrete  pipe 
possesses  many  distinct  advantages.  The 
reinforcement  and  wall  thickness  in  con- 
crete pipe  can  be  made  sufficiently  strong 
to  resist  practically  any  earth  pressure. 
Concrete  pipe,  if  properly  made,  does 
not  have  to  be  maintained,  and  cement 
possesses  the  quality  of  inereaslner  in 
strength  with  age.  '  The  possibility  of 
molding  concrete  pipes  to  any  shape  de- 
sired is,  of  course,  a  very  great  advan- 
tage and  equally  important  is  the  fact 
that  concrete  pipes  can  be  made  per- 
fectly true,  which  permits  the  buildins 
of  a  sewer  with  joints  that  are  abso- 
lutely flush  and  true  on  the  inside.  There 
is  no  warping  or  twisting  of  the  con- 
crete pipe  during  the  process  of  curing, 
and  when  laid  the  sewer  certainly  offers 
considerably  less  frictional  resistance  to 
materials  passing  through  it  than  do 
sewers  built  of  pipes  of  irregular  shape. 

The  reinforced  concrete  pipe  has 
proved  very  satisfactory  in  resisting  in- 
filtration. Owing  to  the  imperviousness 
of  the  pipe  walls  and  the  closeness  with 
which  the  joints  can  be  made,  infiltration 
can  he  made  negligible,  and  a  sewer  may 
be  designed  without  considering  the  ne- 
cessity of  taking  care  of  any  of  the 
ground  water.     *     *     * 

One  often  hears  that  concrete  pipe,  if 
suitable  for  .sewers  at  all,  can  be  used 
for  storm  water  sewers  only.  It  has 
been  very  frequently  suggested  that  the 
acids  from  sewage  will  rapidly  disinte- 
grate concrete  pipe.  I  believe  this  to 
be  very  largely  a  myth.  In  this  day, 
when  increased  efficiency  is  the  .slogan 
of  practically  every  manufacturing  es- 
tablishment, it  is  not  customary  to  allow 
valuable  by-products  to  be  wasted  and 
run  into  sewers.  Paper  mills  and  other 
factories  using  acids  are  not  throwing 
away  concentrated  solutions  of  this  very 
valuable  material.  So  far  as  the  action 
from  ordinary  sewage  is  concerned,  while 
it  has  been  claimed  that  a  deteriorating 
effect  occurs  above  the  flow  line,  the 
many   concrete   monolithic  sewers    which 


'Asst.  Secy.,  Assn.  of  .\m.  Portland  Cement 
Mfrs.,  Philadelphia 


Manufacturers  of  concrete 
sewer  pipe  and  contractors  for 
sewer  construction  are  often 
confronted  by  statements  to 
the  effect  that  concrete  is  not 
a  suitable  sewer  material.  The 
claim  is  sometimes  made  that 
the  acids  present  in  sewage 
and  the  gases  evolved  have  an 
effect  in  the  deterioration  of 
concrete  to  such  an  extent  as 
to  make  its  use  inadvisable. 

In  order  to  determine  to 
what  extent  concrete  is  being 
used  and  the  measure  of  truth 
in  the  contentions  of  the  op- 
ponents of  the  concrete  sezcer, 
letters  were  addressed  to  9i 
cities  in  which  concrete  sewer 
construction  was  carried  on  in 
1014.  The  essentials  of  the 
replies  are  reproduced  and 
s  h  0  u  I  d  convince  any  fair- 
minded  person  that  there  is  no 
better  sewer  material  than  con- 
crete. The  testimony  of  50 
representative  city  engineers 
is  not  to  be  regarded  Hghtly. 


have  proven  satisfactory  after  years  of 
use  and  which  show  no  deterioration,  re- 
fute this  contention.  So  far  as  the  ac- 
tion below  the  flow  line  is  concerned  this 
is  simply  a  question  of  wear  caused  by 
friction  and  the  concrete  in  concrete 
sewer  pipes  is  no  different  from  the  con- 
crete in  monolithic  sewers. 

Without  doubt  there  is  an  enormous 
field  opening  up  for  concrete  .sewer 
pipes.  In  the  eastern  section  of  the 
country,  where  concrete  comes  in  com- 
petition witti  pipes  of  other  material, 
even   though   brick   and   terra   cotta  can 


be  readily  obtained,  the  concrete  pipe 
is  overcoming  opposition  and  is  securing 
attention  not  only  through  its  intrinsic 
merits,  but  also  on  the  question  of  price. 
In  the  far  West  where  shipments  of 
terra  cotta  pipe  made  over  long  dis- 
tances involve  breakage  and  high  freight 
rates,  and  where  deep  ditches  are  often 
necessary,  thus  producing  an  over-load 
which  terra  cotta  pipe  is  unable  to  sus- 
tain, concrete  pipe  should  have  the  field 
to  itself. 

In  the  letters  wliich  follow  a 
great  deal  of  stress  is  laid  upon 
economy  of  concrete  sewer  construc- 
tion. An  interesting  series  of  bids 
illustrating  this  phase  of  the  subject 
was  received  by  the  sewer  depart- 
ment of  Baltimore,  Md.,  within  the 
last  few  years.  These  bids  are  re- 
produced in  tabular  form  and  are 
by  no  means  an  isolated  instance  of 
the  economy  of  concrete.  It  will  be 
remembered  that  Baltimore  is  in  an 
especially  favorable  location  in 
which  to  receive  favorable  bids  for 
brick  and  tile  construction. 

The  following  four  questions, 
which  were  intended  to  indicate  the 
amount  of  concrete  sewer  construc- 
tion which  has  been  done  and  the 
satisfaction  which  it  is  giving  to 
users,  were  sent  to  94  city  engineers. 
Forty-nine  replies  .  were  received, 
dated  July  and  Aug.,  191-^,  the 
essentials  of  which  are  reproduced. 
They  indicate  to  a  remarkable  ex- 
tent the  satisfactory  service  of  the 
concrete   sewer. 

1.  Horn  long  and  to  rvhai  extent 
have  you  been  using  concrete  serv- 
ers? 

2.  Why  did  you  adopt  concrete 
for  servers?  What  advantages  did 
you  expect  and  what  advantages  did 
you  gain? 

3.  Are  you  satisfied  with  concrete 
sewers  (pipe  or  monolithic),  and  if 
not,  what  is  the  cause  of  your  com- 
plaint? 


Bids  for  Sewer  Construction,  Baltimore,  Md. 


Contract  No. 

Size 

ind  Shape 

Brick 

Mon.  Concrete 

26 

48' 

round 

$5.80 

$5.60 

26 

42" 

" 

5.15 

4.95 

22 

36' 

" 

4.25 

3.50 

26 

36' 

" 

4.25 

4.00 

2S 

36' 

4.40 

4.60 

22 

33' 

3.75 

3.50 

2(i 

33" 

3.25 

3.80 

2S 

33' 

3.95 

4.10 

31 

33' 

5.00 

4.00 

oo 

30' 

" 

2.90 

2.20 

26 

30' 

" 

3.25 

3.00 

28 

30' 

'• 

3.75 

3.90 

.■)! 

30' 

" 

5.00 

4.00 

'With  concrete  saddle 
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4.  JVill  yoH  oiitliiie  hric/li/  ani/- 
thing  cspecitilli/  iiilt'r<:itiri!r  in  i/oiir 
use  of  conm-tc  .ii'irvrs,  citlirr  in  ilf- 
sign,  costs  or  results;' 

AI.BAKV,    N-.    Y.,    I.IKES    COXCRKTK    PIPE 

1.  We  first  prDvidcd  for  the  use  of 
reinforeed  ooncrele  pipe  for  the  iiiter- 
ceptinjr  sower,  in  1911,  a  joh  whieli  rails 
for  5,200'  of  fifi-in.  pipe,  'q:M5'  of  51.-in. 
pipe,  2,300'  of  IS-in.  pipe,  fiOO'  of  43-in. 
pipe,  1.010'  of  Sfi-in.  pipe,  3,070'  of  27-in. 
pipe,  450'  of  2'1-in.  pipe. 

2.  Beeaii.se  it  wa.s  ehcnper  tli.in  mono- 
lithic concrete  or  brick  masonry  and  be- 
cause the  pipe  could  be  molded  away 
from  the  job  itself  to  be  hrought  on  the 
work  as  needed  and  thus  obviate  the  con- 
gestion of  luKSy  streets  by  materials. 

3.  Wc  are  well  satisfied  in  the  use  of 
reinforced  concrete  pipe  and  have  since 
used  it  on  several  other  larjrc  contracts. 
— Fra.vk  R.  I.anacax,  City  Engr. 

AI.TOOXA.  PA.,  l-SKS  COXCKK.TE   IlI.OCK  SEWERS 

1.  Concrete  has-been  used  to  .some  ex- 
tent in  eonstructine  sewers  in  this  city 
.since  the  rear  1!)0I-.  The  majority  of 
sewers  24-"  in  diani.  or  larjrcr  laid  since 
1904  are  constructed  of  concrete  block, 
reinforeed  concrete  or  reinforeed  con- 
crete pipe.  There  is  now  in  service  .some 
3.300  lin.  ft.  of  concrete  block  .sewers, 
about  3,700'  of  reinforced  concrete  storm 
sewers  and  13,300'  of  reinforced  concrete 
pipe  sewers. 

2.  The  ren.sons  for  adoptinpr  concrete 
for  sewers  were  the  employment  of  local 
labor,  the  savinjr  in  the  cost,  the  ease  in 
chanpinfr  the  cros.s-section  to  properly 
meet  the  existing:  conditions.  For  sani- 
tary sewers  the  reinforced  concrete  pipe 
has  fewer  joints  and  may  be  constructed 
to  reduce  greatly  the  quantity  of  infll- 
trntion. 

.3.  The  jewers  constructed  of  concrete 
are  entirelv  satisfactory. 

4.  Last'  year  some"  G.OOO  lin.  ft.  of 
24-in.  Lock  Joint'  pipe  wee  laid  where 
the  level  of  the  eround  water  was  from 
2'  to  5'  above  the  tops  of  the  pipe,  the 
amount  of  infiltration  water  was  less 
than  one-half  the  nuantity  allowed  by 
the  .specifications. — ,1.  W.  SiriEi.ns,  Citv 
Engr. 

ATI.AXTIC    CITY,    X.     .!.,    ISKS    COXCHETF.    FOR 
.1IAIXS 

House  sewers  are  of  term  cotta  or  cast 
iron.  (Private  corporation)  Storm  drains 
either  terra  cotta  or  brick  arch,  concrete 
invert.  Main  drain  cffncrctc  entirely.  In 
use  about  four  yeirs  and  entirely  satis- 
factory.— J.  W.  Hackxey,  City  Mgr. 

BATTLE    CREEK,    SUCH..    HAS    USED    COXCRETE 
TEX-  Y'EARS 

We  began  constructing  sewers  nearly 
10  years  ago,  ybut  have  confined  our  use 
largely  to  storm  sewers.  We  have  nearly 
a  mile  of  concrete  sewers,  most  of  them 
over  30".  We  formerly  laid  all  our 
sewers  with  bricks,  using  first  local  Mich, 
bricks  and  for  the  last  15  yeirs  shale 
clay  brick  from  Ohio,  Ind.,  and  111.  We 
came  to  the  conclusion  after  careful  con- 
sideration that  we  could  keep  more 
money  at  borne  by  laying  concrete  sew- 
ers and  that  they  were  cheaper  and  pre- 
sented a  smoother  surface  on  the  in.side. 

We  are  quite  satisfied  that  we  acted 
wisely  when  we  changed  from  brick  to 
concrete,,  especially  since  we  chan.ged 
from  wooden  forms  to  rented  steel 
forms.2  I  think  the  gain  is  not  very 
great  yet   I  have   no   idea   that  we   will 

M,ock  Joint   Pipe  Co..   K.  Y.  C. 
=BIaw  Steel  Const.  Co..    Pittsbnrgli 
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return  to  brick  and  recommend  concrete 
where  the  proper  materials  can  be  ob- 
tained at  reasonable  prices.  The  only 
trouble  we  have  is  with  sewers  30"  dia. 
or  less.  We  use  sewer  pipe  from  24" 
down,  for  the  reason  that  it  is  difficult 
to  get  inside  the  forms,  yet  I  think  even 
these  sizes  are  cheaper  than  a  brick 
sewer.  We  have  used  no  concrete  sewer 
pipe:  it  is  my  opinion  that  concrete  sewer 
pipe  can  be  made  perfe<>tly  satisfactory. 
— W.  W.  Bhigden,  Supt.  &  Engr. 

BEAU.MOXT,    TEX. 

1.  Four  years. 

2.  Cheaper. 

3.  Yes. 

4.     

City  Engr. 

in:RKij;Y,   cai...    fivds    coxciiete    cheaper 

FOR    LARGE    SIZES 

We  have  had  experience  with  concrete 
sewers  only  one  year.  We  have  used  vit- 
rified iron  sections  for  inverts.  The  sew- 
ers arc  monolithic  and  have  given  entire 
satisfaction  so  far.  We  find  monolithic 
sewers  cheaper  and  more  satisfactory  for 
all  work  over  30"  in  diam. — J.  J.  Jessup, 
City  Engr. 

nOSTOX'    HAS    X'O    CAL'SE    FOR    PlSS.VTISf  ACTIOX 

1.  Since  1906,  general  in  place  of 
brick. 

2.  Economy. 

3.  No  cause  has  appeared  up  to  date 
for  dissatisfaction  with  concrete  (mono- 
lithic) sewers. 

4.  The  use  of  concrete,  reinforced 
with  steel,  has  made  feasible  the  box 
section  type  of  sewer,  admirably  adapted 
to  cases  of  lack  of  hendrooin,  .sometimes 
accompanied  by  lack  of  side  room.  The 
rebuilding  of  "Old  Sloiiy  Brook  is  the 
best  type  of  this   form  of  construction. 

By  the  use  of  steel  loneitudinally  in 
the  invert  and  the  side  walls  many  sew- 
ers have  been  built  in  questionable 
ground,  the  sewer  being  practically  a 
concrete  girder,  spanning  the  soft  spots, 
and  avoiding  pile  drivlne. 

Xeither  of  the  above  devices  would  be 
pr.icHcable  in  brick. — E.  F.  Murphy, 
Com.  Pub.  Wks. 

CAMBRIDGE,    MASS.,   PLEASED   AFTER    Ij    YEARs' 
EXPERIEXCE 

1.  12  yrs.  to  IS  yrs. 

2.  Cheapness  and  ease  of  construction. 

3.  Sewers  have  proved  very  satisfac- 
tory. 

4.  Inverts  are  usually  cast  in  place — 
the  arch  is  made  in  sections. — L.  W. 
Hastixgs,  City  Engr. 

CHICAGO   heights.,  ILL..  SATS  CHEAPER 
AX'D  FASTER 

1.  .\bout  2  yrs.  for  storm  water  only. 

2.  Cheaper  put  in  more  easily  and  a 
great  deal  faster.  Stronger  and  with 
good  forms  can  be  put  in  by  less  ex- 
perienced men. 

.3.     We  are  satisfied. 
4.     We    got    best    results    from    steel 
forms.i— M.  H.  McCoy.  City  Engr. 

CHILLICOTHE,   OHIO,   FINDS    COXCRETE    KEEPS 
ROOTS    OUT 

1.  Nine  yrs.  AV'e  have  4S"  and  about 
two  miles  of  7  ft.  x  10  ft.  reinforced 
concrete  sewers. 

2.  Cheaper  than  vitrified  pipe,  no 
joints  for  roots  to  enter,  one  continuous 
line  of  monolith.  Less  friction  on  ac- 
count of  joints. 

3.  Satisfied. 

4.  Any  shape  of  sewer  can  be  built 
with  concrete  at  very  reasonable  cost. — • 
H.  M.  Hadd,  City  Engr. 

>Blaw  Steel  Const.  Co.,  Pittsburgh 


CIj;VELAX0     HAS    USED    LITTLE    CONCRETE 
IN    SEWEBa 

This  city  has  made  but  little  use  of 
concrete  sewers.  We  have  of  course  ex- 
tensively used  concrete  in  connection  with 
.sewer  construction  for  foundation  pur- 
poses, for  l)acking  and  for  arch  con- 
struction. As  a  usual  thing  brick  has 
been  employed  for  lining  the  invert  of 
sewers.  .So  far  the  use  of  concrete  in 
sewer  construction  as  used  here  has  been 
satisfactory. — Robert  Hoffmann,  Comm. 
&  Chf.  Erigr. 

COLUMBIA,    S.    C,    FINDS    COXCRETE     CHEAPEB 
FOB    LABGE    SIZES 

1.  We  have  laid  a  number  of  miles 
of  reinforced  concrete  storm  water 
drains  since  1910. 

3.  We  adopted  concrete  for  our  storm 
water  drains  principally  on  account  of 
economy  in  construction  and  find  it  sat- 
isfactory  and   cheaper  than   brick. 

3.  We  have  found  our  concrete  drains 
both  of  monolithic  and  reinforced  con- 
crete  con.struction   quite   satisfactory. 

4.  We  use  either  monolithic  concrete 
or  reinforced  concrete  in  our  storm  drain 
construction,  providing  the  drain  is  to 
be  larger  than  24"  in  diameter.  For  sizes 
of  24"  and  less  we  use  vitrified  pipe,  as 
we  find  it  cheaper  and  equally  satisfac- 
tory. The  larger  sizes  of  vitrified  pipe 
would  also  be  satisfactory,  but  as  the 
cost  is  much  higher  we  have  adopted  con- 
crete in  the  large  drains. — John  Mc- 
Neal,  City   Engr. 

COLUMBUS,     OHIO,     Fixes     LESS     FBICTIOX     IN 
COXCRETE    SEWERS 

1.  We  have  been  using  concrete  sew- 
ers with  brick  inverts  for  the  past  10 
yrs.  All  monolithic  concrete  for  two 
yrs. 

2.  Concrete  is  used  because  cheaper  in 
construction  and  equal  to  brick.  We 
still  construct  some  brick  sewers. 

3.  We  are  satisfied  with  concrete 
sewers  both  in  pipe  and  monolithic  con- 
struction. 

4.  Wc  do  not  favor  monolithic  on 
small  sizes  on  account  of  the  possibility 
of  getting  bad  spots  in  thin  shells  which 
do  not  occur  on  thicker  shells.  Concrete 
pipe  reinforced,  or  vitrified  segmental 
block  are  better  on  24-in.,  30-in.  and  36- 
in.  sizes.  The  depth  of  cut  and  nature 
of  ground  often  determine  what  con- 
.'truction  to  use.  AH  concrete  sewers 
which  we  have  constructed  both  in  pipe 
and  monolithic  have  proved  to  be  .satis- 
factory, and  show  less  friction  than 
brick. — Henry   MaEtzel,  Chf.    Engr. 

EDMONTON-,    ALTA.,    FINDS    BEINFORCED    CON- 
CRETE    JtOST    DESIRABLE 

1.  Between  1907  and  1910,  this  city 
constructed  approximately  3.7  mi.  of 
concrete  sewers,  diameters  varying  be- 
tween 27"  and  7'. 

Between  1911  and  1914  part  of  Ed- 
monton's tunnel  sewer  system  was  com- 
pleted, totaling  11.69  mi.,  diameters  vary- 
ing between  4'  and  10'  6". 

2.  Among  brick,  monolithic  concrete 
and  reinforced  concrete  block.  Brick, 
very  desirable  as  regards  facility  of  con- 
.struction but  difficult  to  build  of  such 
strength  as  to  withstand  high  internal 
pressure.  Monolithic  concrete  (plain)  — 
difficult  construction,  difficult  to  make  of 
sufficient  strength  to  withstand  internal 
pressures.  Reinforced  concrete  block, 
most  desirable  to  suit  all   requirements. 

3.  Have  no  reason  to  be  other  than 
.satisfied. — A.  W.  Haddow,  Acting  City 
Engr. 


CONCRETE 


EL   PASO,   TEX.,    rSES    LARGE    A3I0UXT   OF 
COX  CRETE     PIPE 

We  have  about  3„300'  of  16-in.  and 
18-in.  sectional  concrete  pipe  with  bell 
ends  and  no  reinforcement,  in  use  for 
about  6  vrs.  About  3  mi.  of  24-in.,  30- 
in.  and  36-in.,  laid  in  1913  and  1914; 
manufactured  in  3-ft.  sections  with  tri- 
angular mesh  reinforcement  and  Merri- 
weather  joints. i  Within  the  last  year  we 
have  laid  about  3,300'  of  30-in.  mono- 
lithic  reinforced. 

Concrete  pipe  was  adopted  because  we 
could  build  it  for  considerably  less  than 
we  could  buy  and  lay  vitrified  pipe  or 
brick. 

The  results  so  far  have  been  very  sat- 
isfactory.— George  Espy,  City  Engr. 

FREMONT,    XEBE.,    TPRXS    TO    CONCRETE 

In  1914  we  laid  8,0000'  of  21-in.  2-in. 
wall  concrete  pipe  of  I  cement  to  SIC, 
of  sand  without  reinforcing.  They  are 
satisfactory  in  every  respect,  not  being 
in  very  long  cannot  tell  how  they  will 
last  but  believe  the  will  last  as  long  as 
any  vitrified  pipe.  It  is  entirely  a  sani- 
tary sewer. 

"fhe  cost  of  the  concrete  pipe  was  con- 
siderably less  than  the  vitrified  pipe,  in 
spite  of  the  efforts  of  the  vitrified  pipe 
people  to  down  concrete. — L.  M'.  Roes- 
SLER,  City  Engr. 

FAHrBAULT,    MIXN. 

1.  Five  yrs.  on  storm  sewers  36"  or 
larger. 

3.     Cheaper   in   large   sizes. 

3.     Perfectly  satisfied. 

i.  They  were  considerablv  cheaper 
than  the  same  size  in  vitrified  pipe. — F. 
W.   McKellip,   City   Engr. 

CONCRETE    FOR    LARGE     SIZES     AT    GRAND 
RAPIDS,    MICH. 

1.  Five  yrs.  or  6  yrs. 

2.  We  use  concrete  on  large  size  sew- 
ers, 36  in.  and  up,  only. 

3.  Yes.— City  Engr. 

HAMILTON,     OXT.,     tJNABLE     TO     ^'ERIFY    RE- 
PORTS   THAT    SEWAGE    DESTROYS    CONCRETE 

Since  1909  all  sewers  in  this  city  over 
24"  diam.  have  been  constructed  of  rein- 
forced concrete  or  sectional  concrete 
pipes.  Brick  sewers  were  previously 
built.  One  concrete  pipe  sewer  was  put 
down  in  1890.  which  is  still  in  u.se. 

We  adopted  concrete  for  sewers  over 
30"  in  diameter  and  for  manholes  for 
sewers  for  the  reason  (1)  Cheaper  than 
brick  or  vitrified  pipe  in  the  sections 
mentioned.  (2)  Can  be  handled  largely 
by  unskilled  labor. 

We  are  very  well  satisfied  indeed  with 
concrete  sewers;  in  fact,  it  is  our  stand- 
ard sewer  material. 

I  have  investisated  a  number  of  cases 
of  reported  disintegration  of  concrete 
sewers  and  can  find  nothing  to  substan- 
tiate the  statements. 

Last  winter  (1914-1915)  In  order  to 
give  work  to  the  unemployed  because  of 
conditions  caused  by  the  war,  we  con- 
.structed  in  the  east  end  of  the  city  a 
trunk  sewer  system,  the  sewer  all  being 
of  reinforced  concrete  pipe  from  66"  to 
30".  These  pipe  were  all  made  in  an 
open  field  during  nearly  all  conditions 
of  the  winter  weather  and  cured  by 
means  of  .steam  pipes  running  through 
them,  with  canvas  tarpaulins  over  them 
to  protect  them  from  the  wind  and 
snow.i 

I  have  since  examined  the  pipe  as  laid 
in   some   places   under   22"   of  clay   and 


have  found  no  signs  of  cracks,  in  fact 
the  pipe  was  as  good  as  if  it  had  been 
made  under  better  climatic  conditions. — 

A.  F.  Macallum,  City  Engr. 

H.\XXinAL,    MO. 

1.  For  storm  sewers  only. 

2.  Have  not  adopted  it. 

HARRISBUHG,  PA.,  HAS  USED   COXCRETE 
SEWERS    TEN    YEARS 

We  have  been  using  concrete  sewers 
for  10  yrs.  or  more.  We  have  probably 
12  mi.  or  15  mi.  of  concrete  sewers,  vary- 
ing in  size  from  areas  equal  to  dia.  of 
5'  and  3'.  The  advantage  we  expected 
and  got  was  economy.  We  are  entirely 
satisfied    with    our    concrete    sewers. — >!. 

B.  CowDEN,  City  Engr. 

HOUSTON,       TEX..       rSES       CONCRETE       STOR.M 
SEWERS 

Four  yrs. 

Because  they  are  cheaper. 

We  are  satisfied  with  concrete  sewers 
for  storm  sewer  purposes  but  not  for 
sanitary  sewers.  We  find  that  mono- 
lithic concrete  sewers  built  in  place  have 
some  advantages  for  storm  sewer  work. 
They  are  cheaper,  ,have  no  joints  and 
have  a  smooth  barrel,  fit  tlie  trench  both 
on  the  bottom  and  sides  and  thus  reduce 
the  bending  movement  in  the  arch  ring. 
— E.   E.  Sands,  City   Engr. 

IXDEPEXDEXCE.    KANS..    HAS    USED    COXCRETE 
6     YEARS 

Have  been  using  6-in.  and  8-in.  con- 
crete pipe  in  our  sanitary  sewers  for 
about  6  yrs.  .AiS  yet  I  can  not  say  much 
about  the  pipe  compared  to  vitrified. — 
City  Engr. 

CONCRETE    SECURES    KANSAS    CITY.    310.,    BET- 
TER   PRICES 

We  have  been  using  plain  concrete 
pipe  in  sewers  for  about  3  yrs.,  in  sizes 
from  8"  to  24".  For  larger  sizes  we  use 
reinforced  concrete  pipe  and  reinforced 
monolithic  concrete.  From  Jan.,  1913, 
to  Jan.,  1915,  we  constructed  about  35 
mi.  of  concrete  sewers,  all  types. 

Concrete  pipe  v.as  admitted  to  our 
specifications  to  produce  competition 
and  this  advantage  was  gained  as  ex- 
pected and  has  also  resulted  in  our  get- 
ting much  better  vitrified  pipe  than  was 
turned  out  urevious  to  admitting  con- 
crete pipe.  Concrete  pire  in  sewer  con- 
struction has  given  satisfaction  in  this 
city.  The  onlv  difficulty  we  experience 
is  in  getting  the  reinforcing  rods  prop- 
erly bent  and  placed  in  their  proper 
position,  and  this,  I  believe,  is  due  to 
the  clas-s  of  labor  that  is  employed  for 
this  work. — H.  F.  Johnson,  Engr.  Sewer 
Div. 

WHAT     COX^CEETE     MATTOON     HAS     IS     SATIS- 
FACTORY 

We  have  two  short  piece=;  of  concrete 
sewer  only,  those  at  the  outlet  of  storm 
water  sewers.  We  have  not  enough  to 
give  concrete  a  fair  trial;  however,  all 
we  have  is  very  satisfactory. — John  A. 
GoETZ,  City  Engr. 

MIXXEAPOLIS    SEWERS    Bril.T    IX     18S5     FIRST 
CI^4SS     XOW 

We  have  some  concrete  sewers  built  in 
1885,  which  are  today  in  first-class  con- 
dition. Since  1904  we  have  built  all 
sewers  larger  than  33"  of  monolithic  con- 
crete. We  have  now  in  use  221^  mi.  of 
concrete  sewers  and  they  are  in  first- 
-lass condition.  Our  monolithic  concrete 
sewers  are  cheaper  than  our  brick  sewers 
and  can  readily  be  constructed  of  any 
desired  thickness  of  shell.  We  are  per- 
fectly satisfied  with  our  concrete  sewers. 


which  are  very  smooth  and  consequently 
easy  to  keep  clean.  We  line  the  inside 
bottom  of  our  concrete  sewers  with  pav- 
ing brick. — C.   Illsthup,  .Sewer  Engr. 

XEWARK,,    X-.    J. 

1.  Since   1904.      About    14V.   mi. 

2.  For  economic  reasons.  We  expect- 
ed cheaper  sewers  and  got  them. 

3.  Yes.— E.  S.  Rankin,  City  Engr. 

NEW     H.iVEN,     COX^N.,     THINKS       WELL      OF 
CONCRETE 

1.  The  first  cement  concrete  sewer 
was  built  in  New  Haven  in  1906;  a  36- 
in.  circular  .sewer  or  sewer  overflow,  re- 
inforced and  on  pile  and  timber  founda- 
tion. In  190T  a  36-in.  egg-shaped  sewer 
was  designed  for  eitlier  brick  or  plain 
concrete.  The  lowest  bid  was  for  the 
concrete  design  and  it  was  so  construct- 
ed. In  1908  a  similar  competition  was 
offered  for  a  60-in.  sewer  but  the  lower 
hid  was  for  brick  masonry,  and  that  bid 
was  accepted. 

In  1906  a  double  sewer  of  reinforced 
concrete,  each  tube  6'  x  4',  saucer  bot- 
tom, total  width  over-all  16',  was  built, 
for  use.  at  first,  as  an  overflow  sewer, 
and  later,  when  extended,  it  became  an 
outfall  sewer.     All  on  piling. 

.\  reinforced  concrete  sewer,  about 
6,000'  long,  was  built  in  three  sections, 
in  1909,  1913  and  1914.  It  was  part  42" 
and  part  36".  It  is  an  intercepting  sew- 
er, with  flat  top,  vertical  sides  and  sau- 
cer lx)ttom  with  areas  equivalent  to  42- 
in.  and  36-in.  circles.  .\  portion  of  each 
size  was  on  piling. 

2.  The  first  two  36-in.  sewers  above 
mentioned  were  built  of  concrete  as  ex- 
periments to  find  if  our  local  conditions 
were  favorable  to  that  construction.  Up 
to  the  present  time  no  fault  has  been 
found  with,  them.  The  other  .sewers  men- 
tioned were  reinforced  concrete,  as  they 
lie  so  close  to  the  surface  of  the  ground 
that  lack  of  head  room  forced  us,  not 
unwillingly,    to   adopt    that    construction. 

3.  We  have  some  concrete  pipe  sew- 
ers in  use,  that  were  laid  over  40  yrs. 
ago.  Some  have  been  replaced  by  vitri- 
fied pipe  and  brick.  The  sizes  run  from 
12-in.  to  24-in.  They  have  worn  rough 
on  the  bottom  and  a  considerable  portion 
of  the  larger  sizes  (oval)  have  split,  but 
not  liadlv  enough  to  necessitate  relaying. 
I  wish  that  they  were  out  and  brick  and 
vitrified  pipe  were  in  their  places.  These 
sewers  were  constructed  far  ahead  of 
my  time  and  I  do  not  know  the  propor- 
tion of  sand  to  cement  in  them,  nor  the 
kind  of  cement  used.  I  do  not  think 
they  should  have  consideration  in  dis- 
cussing the  concrete  sewers  of  today. 

We  have  no  Portland  cement  concrete 
pipe  .sewers  of  modern  type  in  use,  so  I 
have  no  criticism  to  make,  based  upon 
personal  experience.  The  monolithic  con- 
crete sewers  have  proved  satisfactory. 
They  have  not  been  in  use  long  enough 
fully  to  show  lasting  qualities,  but  I 
have   no   apprehension   of   failure. 

Our  experience  with  brick  and  %-itrified 
pipe  has  been  so  favoralile  that  we  are, 
perhaps,  prejudiced.  In  the  majority 
of  cases,  for  large  sizes,  concrete  sewers 
pro'.ial)lv  would  cost  less  than  brick  sew- 
ers, as  we  build  them.  Concrete  is  used 
now  in  foundations  and  haunches  and 
the  former  timber  platform  has  gone  by 
except   for   special  conditions. 

Leaving  out  the  old  concrete  pipe  sew- 
ers, we  have  the  following  concrete  sew- 
ers in  use:  0.341  mi.  3fi-in.  concrete, 
1.025  mi.  36-in.  reinforced  concrete,  .432 
mi.  42-in.  reinforced  concrete,  .319  mi. 
4-ft.  X  6-ft.  reinforced  concrete  double, 
.013  mi.  4-ft.  X  6-ft.  reinforced  concrete, 
.018  mi.  4-ft.  X  S-ft.  reinforced  concrete. 
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The  vitriflcd  pipe  with  Y  branches, 
even  in  large  sizes,  are  so  easily  hundled 
■that  we  are  strongly  inclined  to  prefer 
them,  adniittinp  our  lack  of  experience 
with  other  kinds.  The  slants  are  easily 
built  into  brick  sewers. 

We  have  been  fortunate  in  having  had 
unusually  skillful  brick  masons  and  hav- 
ing been  able  to  keep  the  work  always 
under  the  supervision  of  capable,  well 
paid  inspectors.  None  of  our  vitrified 
pipe  sewers  shows  wear  and  repairs  have 
been    comparatively   small. 

Some  of  the  information  asked  for 
under  "Quesions"  is  given  in  the  answers 
under  the  other  three  divisions.  The 
4-ft.  X  6-ft.  twin  sewer  mentioned  was 
built  under  26  tracks  of  the  N.  Y.,  N. 
H.  &  H.  R.  U.  From  base  of  rail  to  top 
of  sewer  the  distance  varies  from  3  to 
4'.  The  sewer  passes  under  one  end  of 
the  station  platform.  No  effect  of  the 
constant  hammering  is  shown  and  but 
one  shrinkage  craek  has  been  found. — 
H.  J.  Keli.oc.g,  Asst.  City  Engr. 

KIAOADA    FAI,I.3,    V.    Y.,    IIEUEVES    CONCRETE 
BETTER    TO    RESIST    ACin 

Concrete  .sewers  have  been  laid  in  this 
city  since  1896.  There  exist  284'  of  26- 
in.";  786'  of  27-in.:  1,500'  of  33-in.;  1,03!)' 
of  33-in.;  64'  of  48-in.;  2,990'  of  54-in.; 
60'  of  60-in. 

Concrete  sewers  were  adopted  because 
they  were  cheaper  than  brick  and  due 
to  the  acid  contained  in  some  parts  of 
the  city  sewerage  it  was  believed  that 
concrete  would  last  longer  than  brick ; 
our  expectations  have  been  fulfilled. 

The  last  three  years  lock  joint  sewer 
pipe  has  been  used  because  of  the  ease 
of  manufacture,  thorough  inspection  be- 
fore laying,  and  accuracy  and  ease  in 
laying.- — F.  S.  Parkhiiist,  Jr.,  City  F.ngr. 

OMAHA     V3ES     LITTLE     COSCHETE 

We  have  no  concrete  pipe  sewers,  and 
very  little  monolithic  concrete  sewer  con- 
struction. —  Watson  Towxsexd,  City 
Engr. 

P0RTL.\ND,    OREGON,    LAYS    PRACTICALLY    ALL 

concrete  since   1909 

1.  Since  190!)  practically  all  sewers  in 
this  city  over  24"  have  been  constructed 
of  concrete.  Smaller  sewers  have  been 
of  vitrified  pipe. 

2.  Concrete  sewers  are  used  because 
lower  in  cost  and  on  account  of  the 
smooth  interior  surface.  For  sewers 
over  43"  our  experience  has  been  that 
monolithic  concrete  sewers  are  superior 
to  reinforced  concrete  pipe,  although  the 
cost  may  in  some  instances  lie  greater. 
— Philip  H.  Dater,  City  Engr.    • 

OSHKOSH,    WIS.,    sewers    LAIU    IN     '84    STILL 
GOOD 

Oshkosh  has  over  50  mi.  of  concrete 
sewers.  The  first  were  laid  here  in  1894 
and  are  still  in  good  condition.  Some 
poor  pipe  was  laid  about  1892  or  1894 
and  since  then  the  vitrified  pipe  has  been 
exclusively  used  until  this  year.  We  are 
now  putting  in  l>oth  kinds  of  pipe  ant' 
I  believe  the  concrete  pipe  is  the  best 
for  large  sizes.  If  concrete  pipes  are 
properly  made  they  are  perfectly  satis- 
factory to  me.  I  know  by  experience 
that  both  concrete  and  clay  pipe  can  be 
good,  and  that  either  may  be  poor.  My 
experience  on  the  whole  has  been  that 
concrete  pipe  are  superior  to  vitrified  for 
pipe  over  12"  in  diam. — R.  H.  Randall, 
City  Engr. 

OSWXGO,     N.     Y.,     FINDS     CONCRETE     STRONGER 
AND     MORE     AD.\PTABLE 

1.  Since  1894,  1,308.5'  of  6-ft.  x  10- 
ft.     3-in.     oval     reinforced     monolithic. 


1,796'  of  72-in.  pipe  and  704'  of  66-in. 
pipe  have  been  laid  and  at  present  we 
are  laving  3,090'  of  60-in.,  1,140'  of  36- 
in.,  33-in.,  30-in.  and  21-in. 

2.  Greater  strength,  less  liability  of 
breakage.     Manufactured  at  home. 

3.  Satisfied  with  both  pipe  and  mono- 
lithic type. 

4.  Adaptability  of  concrete  for  vari- 
ous shapes  and  sizes  of  sewers.  Smooth 
inverts  at  joints.  Less  joints  to  resist 
leakage  to  sewer. — J.  F.  Flanioan,  City 
Engr. 

GREATER       STRENGTH,        NO        CRACKS,       SAYS 
PITTSBCBGH,     KANS. 

1.  We  use  concrete  for  the  larger 
storm  sewers  only.  1,852"  73-in.,  730'  60- 
in.,  395'  49-in.,  235'  36-in.  and  345'  30- 
in. 

2.  Cheaper.  Get  greater  strength 
and  freedom  from  cracks  because  they 
can  be  reinforced. 

3.  Satisfied  with  monolithic.  Have 
not  used  pipe.  Have  local  clay  pipe 
factory. — City  Engr. 

PITTSBURGH         BUILDS         MILLUON       DOLLARS 
WORTH     OF     CONCRETE     SEWERS 

1.  Pittsburgh  has  constructed  con- 
crete sewers  extensively  since  1911.  Be- 
fore 1911  concrete  was  used  on  a  few 
small  jobs.  Construction  since  1911  has 
included  concrete  sewers  to  the  extent  of 
about  $1,000,000,  ,sizes  ranging  from  48" 
to  9',  and  including  both  plain  and  rein- 
forced concrete  construction.  Concrete 
sewers  have  been  constructed  very  large- 
ly to  replace  or  supplement  brick  sewers 
which  have  become  worn  out  and  inade- 
quate in  capacity. 

2.  Rciisons  for  adopting  concrete  con- 
struction in  sewers  are  as  follows:  Econ- 
omy   in   construction,   greater   structural 
been   .satisfactory   in   all    respects, 
strength  longer  life. 

3.  Concrete  sewer  construction  has 
been  Kitisfactory  in  all  respects. 

4.  Since  steep  grades  predominate  in 
Pittsburtrh,  we  have  deemed  it  necessary 
to  line  the  inverts  of  our  larger  concrete 
sewers  with  vitrified  brick,  thus  permit- 
ting relining  in  the  future.  This  gives 
a  smooth  invert  and  simplifies  construc- 
tion. Theoretically,  concrete  has  sufB- 
cient  abrasive  resistance,  but  results  in 
the  field  are  better  assured  by  using  the 
brick  lining. 

4.  We  have  not  as  yet  used  concrete 
or  reinforced  concrete  pipe,  but  consider 
that  concrete  pipe  has  a  field  for  sewers 
in  excess  of  36"  in  diameter  and  less 
than  5'.  Below  36"  we  use  terra  cotta 
pipe  and  in  excess  of  5'  t)ie  monolithic 
sewer  is  more  satisfactory  for  local  con- 
ditions.— Charles  M.  Reppert,  Div. 
Engr 

PLAIXFIELD,    X.    J.,    uses    SE\'ERAL    TYPES 

The  first  sewer  in  Pla infield  was  an 
egg-shaped,  concrete  pipe,  storm  sewer, 
constructed  in  the  early  '70's  and  now  in 
use. 

Several  concrete  sewers  have  been  con- 
structed in  recent  years,  both  for  sani- 
tary and  for  storm  drainage,  pipe,  block 
and  monolithic,  rectangular  and  circular, 
plain  and  reinforced.  At  present  a  42- 
in.  monolithic,  reinforced  sanitary  joint 
sewer  is  being  constructed.  The  price 
of  this  sewer,  8'  to  10'  cut,  is  $3.50  per 
ft. — Andrew  J.  Caveti,  St.  Coramr. 

RICHMOND,    VA.,   STILL   PROTECTS    CONCRETE 

We  have  only  a  limited  number  of 
concrete  sewers  in  the  city  of  Richmond. 
Wherever  we  have  used  concrete,  either 
plain  or  reinforced,  we  have  invariably 
lined  the  invert  with  vitrified  brick  or 
tile,   believing  this    to    be    a    protection 
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against  the  many  acids,  etc.,  which   are 
admitted  into  our  sewers. 

So  far  as  we  have  used  concrete  for 
sewers,  plain  or  reinforced,  they  have 
given  satisfaction. — Ciiatles  E.  Bollino, 
City  Engr. 

salina,  kans.,  finds  concrete  best 

1.  We  have  one  concrete  sewer  built 
in   1913  monolithic   reinforraed,  size  36". 

2.  Selected  concrete  on  account  of 
sandy  soil,  as  we  considered  the  mono- 
lithic concrete  sewer  would  be  best  for 
this  kind  of  trench. 

3.  The  sewer  gives  satisfaction. 

4.  After  we  had  built  about  700'  of 
this  36-in.  sewer  23-ft.  excavation  at 
$.3.40  per  lin.  ft.,  the  contractor  prevailed 
on  the  Council  to  allow  him  to  finish  the 
balance  of  the  work  with  vitrified  pipe 
sewer  at  70  cts.  per  lin.  ft.,  as  it  was  al- 
most impossible  to  hold  back  the  earth 
until  the  concrete  sewer  had  been  finished 
and  .set.  Some  of  the  pipe  has  shown 
longitudinal  cracks,  which  are  visible  on 
top  and  bottom,  and  no  doubt  there  is 
a  crack  in  each  of  the  two  sides,  there 
is  very  little  displacement  on  the  sides 
or  bottom. 

.\bout  1  yr.  after  the  concrete  sewer 
had  been  laid  it  was  found  to  lie  in  good 
shape. — P.  G.  Wakenhut,  City  Engr. 

SAN    DIEGO,    CAL.,    HAS    FORTY   MILES   OF   CON- 
CRETE    PIPE 

We  have  approximately  40  miles  of 
cement  sewer  pipe  in  use.  .\bout  18  mi. 
laid  in  1910,  18  mi.  laid  in  1913,  4  mi. 
laid   in    1914. 

There  seems  to  have  been  in  the  past 
a  preference  here  for  the  vitrified  pipe, 
owing  to  the  fact  that  it  was  considered 
cheaper  than  the  concrete  pipe  when  the 
hauling  and  laying  were  figured.  The 
question  arose  as  to  the  durability  of 
concrete  pipe  under  the  action  of  .sewage 
acids. — George   Cromwell,   City   Engr. 

CONCRETE      SEWER      BI'ILT     AT     SOUTH     BEND, 
IND..    IN    THE    'bo's    STILL    IN    GOOD 
CONDITION 

1.  The  first  concrete  sewer  construct- 
ed in  South  Bend  was  built  of  24-in.  x 
30-in.  hydraulic  cement  pipe;  it  is  still 
in  use,  in  good  condition. 

The  second  sewer  wa,s  constructed  in 
1899  of  pipe  made  of  Portland  cement. 
This  sewer  is  about  2,200'  long,  the  size 
of  the  pipe  being  10",  12"  and  15";  it 
is  still  in  service  and  shows  no  deteriora- 
tion. We  have  since  built  about  3'^  mi. 
of  concrete  sewers  ranging  in  size  from 
72"  to  30". 

2.  We  have  never  adopted  concrete 
to  the  exclusion  of  other  material  and 
the  sewers  that  have  been  built  were  con- 
structed in  competition  with  other  ma- 
terial. 

3.  To  date  we  are  satisfied  with  our 
concrete  sewers  and  are  now  construct- 
ing about  3,000'  of  reinforced  concrete 
pipe. 

All  of  our  sewers  are  combined  sam- 
tary  and  storm  water  sewers. — Frederick 
J.  Anderson,  City  Engr. 

SPRINGFIELD,       MASS.,       S.\YS       SATISFACTORY, 
LESS    EXPENSIVE 

1.  We  have  used  cement  concrete  for 
sewer  work  in  this  city  since  1907. 

2.  We  found  that  concrete  sewers 
could  be  built  for  considerable  less  than 
the  brick  sewers  laid  prior  to  1907  and 
we  were  of  the  opinion  that  concrete 
would  give  a  smoother  inside  finish,  re- 
sulting in  a  more  sanitary  condition  and 
increased   flow  velocity. 

3.  We  have  continued  the  use  of  mon- 
olithic   concrete,    sewers     for     we     have 
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found  the  material  entirely  satisfactory 
and  less  expensive  than  brick. — C.  M. 
Slocum,  Dep.  City  Engr. 

STRATFORD,    ONT.,    HAS    TURNED    TO 
CONCRETE   PIPE 

1.  None  in  use. 

2.  A  better  sewer  at  less  cost. 

3.  Yes. 

4.  Our  main  sewers  being  inadequate, 
investigations  as  to  material,  etc.,  were 
made,  with  the  result  that  contracts  were 
let  and  cement  concrete  tile  made  for 
this  purpose  during  1915.  The  48-in.  has 
5-in.  wall — .65  lbs.  per  sq.  ft.,  reinforc- 
ing a  1:1%:3  mix — Lock  Joint  type. 
Price  $3.85  per  ft.  This  tile  is  now  on 
the  proposed  pipe  line  but  will  not  be 
in  the  trench  until  summer,  1916. — A.  B. 
Mansok,  City  Engr.,  Stratford,  Ont. 

SUPERIOR,   wis. 

3.     Perfectly  satisfied. 

Note.  We  have  not  been  using  con- 
crete for  sewers  except  for  large  mains 
and  monolithic  reinforced  construction.— 
E.   B.   Banks,  City  Engr. 

IRRESPONSIBLE     PIPE     MAKERS    HURT    AT    TA- 
COMA,  WASH. 

1.  Began  1908 — to  date  sanitary, 
16.73  mi.  storm,  19.3  mi. 

2.  To  patronize  home  industry  and 
reduce  cost  over  vitrified  pipe.  Our  faith 
in  concrete  pipe  is  not  lost  but  we  have 
had  some  very  severe  jolts. 

3.  Satisfied  with  pipe,  if  properly 
made.  Small  capital  required,  many  ir- 
responsiljle   parties   in   the  business. 

4.  The  most  interesting  fact  is  the 
very  good  pipe  and  the  very  bad  pipe, 
which  look  almost  the  same. — City  Engr. 

TORONTO,      ONT..      BUILDS       EXTENSIVE        CON- 
CRETE    SEWERS 

1.  In  tlie  construction  of  the  trunk 
sewer  in  1910-1911,  concrete  was  used 
fairly  extensively — some  sewers  mono- 
lithic with  brick  invert,  other  portions  of 
concrete  pipe.  Since  then  we  have  con- 
structed many  large  monolithic  storm 
sewers.  Some  inverts  were  lined  with 
brick,  others  were  finished  with  concrete 
facing  mixture.  At  the  present  time, 
where  we  have  occasion  to  use  concrete 
for  sanitary  sewers,  we  line  them  with  a 
hard  vitrified  brick  up  to  the  springing 
line. 

2.  The  principal  reason  for  adopting 
concrete  was  to  reduce  the  cost,  and,  in 
practically  every  instance,  we  have  saved 
money. 

3.  Our  concrete  sewers  have  not  been 
in  operation  long  enough  to  express  a 
definite  opinion  as  to  the  service  of  same. 
When  constructing  sewers  in  tunnels 
through  wet  or  treacherous  ground,  we 
find  brick  more  desirable  and  econom- 
ical. 

4.  The  last  few  years,  we  have  con- 
structed many  culvert  shape  sewers,  with 
reinforced  concrete  tops  because  of  the 
limited  amount  of  head  room;  also  some 
supported  on  trestle  work.  In  these 
cases,  we  found  that  concrete  was  very 
beneficial,  but  provided  against  contin- 
gencies by  putting  in  a  brick  lining  on 
the  invert. — rR.  C.  Harris,  Conim.  of 
Wks. 

TROT,      N.      Y.,     NOT       BUILDING        CONCRETE 
SEWERS 

Permit  me  to  say  that  this  city  does 
not  maintain  any  concrete  sewers.  I  do 
not  believe  that  we  will  have  use  for 
this  material  in  our  sewers  for  three  or 
four  years. — A.  E.  Roche,  City  Engr. 

THIRTY     MILES     OF     TULS.\,     OKLA.,     SEWERS 
SATISFACTORY 

1.  We  have  been  using  concrete  storm 
sewers — both  pipe  and  monolithic  for  the 
last  10  yrs. ;  we  have  been  using  concrete 
pipe    for    sanitary   sewers   about    4   yrs. 
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We  probably  have  30  mi.  of  concrete 
sanitary  sewers;  so  far,  they  have  given 
us   very  satisfactory  service. 

2.  The  principal  reason  was  economy 
'as  the  City  Commission  felt  that  there 
was  a  combination  of  vitrified  pipe  in 
this  territory  and  therefore  adopted 
concrete  to  decrease  the  price  on  pipe; 
tlie  other  consideration  was  the  local  ad- 
vantage to  labor  since  pipe  is  made  lo- 
cally. 

3.  Up  to  this  time  there  has  been  no 
complaint. 

4.  Our  concrete  pipe  is  made  by  ma- 
chinery. The  inside  of  the  pipe  is  glazed 
by  a  rotating  drum  therein  during  the 
process  of  manufacturing  pipe.  We  have 
been  securing  a  very  high  grade  of  con- 
crete pipe.— T.  C.  Hughes,  City  Engr. 


WASHINGTON,     IND.,     EXPECTS     TO    USE     CON- 
CRETE 

Washington  has  had  no  experience  with 
concrete  sewers,  but  I  have  intended  rec- 
ommending concrete  for  a  short  sewer 
that  the  city  is  thinking  of  building  in 
the  near  future. — Hugh  F.  O'Neall. 

WAUKESHA,    WIS. 

Main  sewer  concrete  since  1889.  O.  K. 
still. 'W.   PowRiE,  City  Engr. 

WILMINGTON,     DEL.,      SAYS     "QUALITY" 

1.  Concrete  pipe  for  8  yrs.  Mono- 
lithic sewer  approximately   15   yrs. 

2.  Quality,  combined  ■with  lower  cost 
than  brick. 

3.  Yes.— City   Engr. 


Design  Methods  In  Concrete  Construc- 
tion— Arches  With  Fixed  Ends 


By  a.  M.  Wolf,  C.  E.^ 


This  concludes  Mr.  Wolf's  article 
on  Arches  with  Fixed  Ends  (in  the 
series  "Design  Methods  in  Concrete 
Construction,"  begun  in  the  Jan., 
1915,  issue).  The  first  part  of  the 
present  article  appeared  in  the  Oct., 
1915,  issue,  the  second  part  in  the 
Dec,  1915,  issue. 


DESIGN    OF    ABUTMENT 

In  view  of  the  fact  that  for  fixed 
end  arches  it  is  as.sumed  that  the 
abutments  are  unyielding,  it  is  in- 
cumbent upon  the  engineer  to  design 
the  abutments  so  that  this  assump- 
tion ■will  be  fulfilled  as  nearly  as 
possible,  for  unless  it  is.  the  stability 
of  the  structure  is  questionable. 

For  the  design  of  abutments  it  is 
necessary  that  some  tentative  dimen- 
sions be  first  assumed  with  the  aid 
of  the  empirical  formulas  given  in 
Part  I,  page  141,  of  the  Oct.  1915, 
issue,  and  the  allowable  bearing  on 
the  soil  upon  which  the  abutment  is 
to  rest.  Then  the  magnitude  and 
the  point  of  application  of  the  forces 
acting  upon  the  abutment  must  be 
found  and  the  line  of  resultant  pres- 
sure established.  If  the  abutment 
as  assumed  does  not  meet  the  re- 
quirements as  hereinafter  stated  its 
shape  must  be  revised  and  the  proc- 
ess repeated  until  all  requirements 
are  satisfied. 

The  external  forces  acting  on  an 
ordinary  abutment  are:  (a)  the 
thrust  of  the  arch  (b)  the  lateral 
earth  pressure  back  of  the  abutment 
(c)  the  weight  of  the  abutment  ma- 
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sonry  and  (d)  the  weight  of  the 
earth  and  the  live  load  above  the 
abutment;  the  live  load,  however,  is 
usually  not  considered  since  by  so 
doing  the  act'on  of  forces  is  most 
unfavorable. 

Of  these  forces  the  last  two  have 
a  vertical  linp  of  action  and  produce 
only  direct  bearing  on  the  soil ;  the 
first  two,  however,  produce  lateral 
thrusts  on  the  abutment  which  tend 
to  slide  it  oi»  its  base,  and  to  over- 
turn it. 

Then,  to  make  the  abutment  sta- 
ble, the  resultant  of  all  forces  must 
lie  within  the  middle  third  of  the 
base  in  order  that  overturning  does 
not  tend  to  take  place;  the  product 
of  the  components  of  forces  acting 
normal  to  the  base  and  the  coefficient 
of  friction  between  the  concrete  and 
the  foundation  should  in  general  be 
twice  as  large  as  the  lateral  thrust  in 
order  to  prevent  sliding,  and  the 
xmit  pressure  on  the  foundation 
should  be  low  enough  so  that  no  set- 
tlement will  take  place,  which  would 
at  once  alter  the  line  of  application 
of  forces  and  perhaps  change  the 
stability  as  regards  overturning  and 
sliding  and  otherwise  damage  the 
arch  ring. 

The  arch  thrust  is  greatest  when 
tlie  live  load  extends  over  the  entire 
span  and  the  thrust  for  this  condi- 
tion of  loading  should  be  used  in  the 
investigation   of  the  abutment. 

The  abutment  should  also  be  sta- 
ble under  dead  load  thrust  and 
weight  of  abutment  alone,  without 
any  assistance  from  the  earth  fill 
back  of  or  above  it,  since  this  con- 
dition must  be  met  during  construc- 
tion.    The  thrust  for  the  half  span 
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opposite  tlic  abutmcnl  loaded,  al- 
though less  than  for  the  case  with 
full  live  load,  may  on  account  of  its 
different  line  of  application  cause 
more  uneven  pressure  on  the  founda- 
tion and  this  case  should  also  be  in 
vestigated. 

The  general  procedure  for  deter- 
mining the  line  of  pressure  in  the 
abutment  graphically  (Fig.  16)  is  as 
follows : 

Determine  the  center  of  gravity 
and  the  weight  of  the  abutment,  pro- 
long the  lines  of  application  of  the 
arch  thrust  (for  the  particular  load- 
ing giving  most  unfavorable  thrust) 
and  abutment  weight  to  an  intersec- 
tion; from  this  point  to  any  conven- 
ient scale  lay  off  the  respective  pres- 
sures and  by  a  triangle  of  forces  de- 
termine the  resultant  force  (the  hy- 
pothenuse  of  the  triangle.)  In  a  simi- 
lar manner  determine  the  resultant 
•of  the  lateral  earth  thrust  and  the 
weight  of  suiK-rimposcd  earth;  as- 
sume earth  to  weigh  100  lbs.  per  cu. 
ft.  and  the  lateral  pressure  of  earth 
%  of  this  amount.  Prolong  the  line 
of  this  resultant  until  it  intersects 
that  jireviously  found  and  by  means 
of  the  triangle  of  forces  determine 
the  magnitude  and  line  of  applica- 
tion of  the  final  resultant.  Then 
scale  the  eccentricity  of  the  resultant 
•with  respect  to  the  center  of  base 
and  determine  the  bearing  pres- 
sures on  the  foundation  with  tlie  aid 
of  formulas  (11  to  1.5  inch,  see  Oct. 
issue)  which  are  applicable  also  to 
the  case  in  hand.  Since  the  bearing 
pressure  will  be  uniform  when  the 
pressure  line  intersects  the  center  of 
the  base  and  becomes  a  maximum  at 
one  edge  and  approaches  zero  as  the 
resultant  a)>proaches  the  edge  of  the 
middle  third  and  since  the  former  is 
the  more  desirable  condition,  the 
abutment  should  be  designed  so  as 
to  accomplish  this  as  nearly  as  pos- 
sible. By  distributing  the  foundation 
pressure  uniformly,  uneven  settle- 
ment will  be  avoided  and  the  stabil- 
ity of  the  entire  arch  structure  great- 
ly increased. 

If  the  base  of  the  abutment  foot- 
ing is  not  placed  perpendicular  to 
the  line  of  resultant  pressure  the 
component  of  the  latter  parallel  to 
the  base  will  tend  to  produce  sliding 
of  the  abutment.  In  large  arches 
the  usual  pr.iotice  is  to  make  the  base 
perpendicular  or  nearly  so  to  the 
maximum  resultant  pressure  or  to 
serrate  (step  off)  the  footing  in  such 
a  manner  as  to  produce  the  same  re- 
sult, the  serrations  aiding  materially 
in  resisting  sliding.  To  protect 
against  undermining  the  abutment 
face  should  be  carried  down  for 
some  distance  into  the  permanent 
bed  of  the  stream  as  a  baffle  wall. 
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siLTANT  Pressure  in  Abutment 

For  the  sake  of  economy  in  mate- 
rials in  abutments  the  springing  line 
of  the  arch  should  be  as  low  as  it 
jiossibly  can  be  and  at  the  same  time 
give  the  desired  clearance  and  water- 
way. It  will  often  be  found  more 
economical  to  increase  the  span  of  the 
arch  in  order  to  obtain  the  required 
waterway  or  under  clearance  and 
maintain  a  relatively  low  springing 
line,  rather  than  to  raise  the  spring- 
ing lines. 

The  more  common  or  solid  con- 
crete abutment  is  here  treated  but 
conditions  may  be  such  as  to  warrant 
the  use  of  the  ribbed  ab.itment  where 
the  foundation  is  rock  or  shale.  This 
abutment  consists  of  a  number  of 
heavy  ribs  extending  back  from  a 
face  wall  connecting  the  ribs,  from 
which  the  arch  ring  springs.  Cellu- 
lar abutments  consisting  of  a  num- 
ber of  box-like  cells  are  a  good  type 
to  use  where  the  earth  pressure  is 
against  the  outside  walls.  The  gen- 
eral principles  involved  in  the  design 
of  these  abutments  are  the  same  as 
those  just  noted,  the  detail  design, 
however,  being  more  complicated. 
Wing  walls  and  the  walls  of  cellular 
abutments  are  designed  as  retaining 
walls. 

DESIGN    OF    piers 

The  piers  of  arch  bridges  are  sub- 
jected to  the  horizontal  thrust  from 
the  arch  spans  they  support.  If  these 
thrusts  are  unequal  the  difference 
can  be  considered  as  a  force  acting 
at  the  top  of  the  pier  and  tending 
to  overturn  it.  Other  forces  acting 
on  river  piers  are  the  river  current 
and  the  ice  pressure.  The  actual 
pressure  due  to   current  is  not  defi- 


nitely known,  the  common  assumption 
being  a  minimum  of  150  lbs.  per  sq. 
ft.  for  flat  surfaces  subjected  to 
freshets  and  .'50  lbs.  in  tidal  streams. 
These  values  are  decreased  by  half 
for  rounded  end  piers.  The  center 
of  this  pressure  is  assumed  as  acting 
at  one-third  the  distance  from  the 
waten  surface  to  the  river  bed.  The 
common  assumption  for  ice  pressure 
on  piers  is  48,000  lbs.  per  lin.  ft.  of 
pier  width  acting  at  the  high  water 
mark,  for  when  tha  stream  is  in  this 
condition  ice  fields  exert  their  great- 
est ])ressure.  Wind  pressure  on  piers 
can  in  general  be  neglected  except 
for  very  high  piers.  In  order  to  re- 
duce the  effect  of  current  and  ice 
pressure  in  the  pier  the  upstream  end 
should  be  made  triangular  or  round- 
ed so  as  to  deflect  ice  and  reduce  the 
eddying  caused  by  the  current  strik- 
ing the  pier. 

An  ordinary  pier  should  be  inves- 
tigated for  live  load  over  one  entire 
adjacent  span  and  no  load  over  the 
other.  If  the  arches  are  unsymmet- 
rical  the  larger  should  be  considered 
as  loaded  in  order  that  the  most  un- 
balanced condition  be  obtained.  For 
this  condition  of  loading  the  resul- 
tant of  the  thrust  and  the  weight  of 
pier  should  fall  well  within  the  mid- 
dle third.  (The  operation  of  obtain- 
ing resultant  pressure  on  foundation 
is  the  same  as  outlined  for  abut- 
ments.) To  obtain  the  proper  size 
of  pier  footing  the  resultant  pres- 
sure for  both  spans  loaded  should  be 
ascertained.  The  thrust  due  to  tem- 
perature changes  or  rib-shortening 
need  not  be  considered  except  for 
very  different  spans  and  where  the 
large  span  has  a  relatively  small  rise. 
The  current  and  the  ice  pressure  act 
at  right  angles  to  the  other  forces 
and  tend  to  produce  sliding  of  the 
piers;  the  fact  that  the  piers  are 
rigidly  held  at  the  top  by  the  arches 
precludes   overturning. 

As  previously  stated  in  Part  I, 
abutment  piers  should  be  placed  at 
the  end  of  every  third  or  fourth 
span,  these  to  be  so  designed  as  to 
be  stable  with  the  series  of  arches  on 
one  side  standing  and  the  others 
removed.  This  requirement  is  for 
the  purpose  of  limiting  the  extent 
of  failure  to  three  or  four  spans 
should  one  arch  fail  from  some 
cause  or  other. 

The  stresses  in  piers  and  abut- 
ments should  in  general  be  limited  to 
compressive  stresses  entirely,  except 
of  course  where  reinforced  concrete 
is  used,  but  even  then  the  stability  of 
the  structure  is  decreased  if  tension 
exists  in  some  parts,  and  it  is  there- 
fore best  to  avoid  it.  The  stresses  in 
any  section  of  a  pier  or  abutment 
can  be  found  by  formulas  11  to  15 
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inclusive,  after  the  resultant  pressure 
and  its  point  of  application  are 
found.  If  the  resultant  makes  an 
angle  of  more  than  60°  with  the  base 
of  the  pier,  sliding  will  not  occur 
and  If  it  lies  well  within  the  middle 
third  for  the  various  conditions  of 
loading  the  pier  is  safe  against  over- 
turning. 

In  order  that  the  concrete  shall 
not  crush  under  load  the  stresses 
should  be  limited  to  a  maximum  of 
450  lbs.  per  sq.  in.  for  plain  concrete 
of  a  1:2:4  mixture  and  350  lbs.  per 
sq.  in.  for  a  1 :3 :6  mixture. 

Where  the  adjacent  spans  are  not 
the  same,  the  pressure  on  the  foun- 
dations can  be  made  uniform  bv  in- 
creasing the  projection  of  footing 
course  or  courses  on  the  side  adja- 
cent to  the  shorter  span,  thereby 
counteracting  or  balancing  the  effect 
of  unequal  thrust.  In  such  piers  it 
is  well  to  provide  some  vertical  rein- 
forcement in  the  faces  of  the  pier  to 
take  care  of  any  possible  bending 
stresses.  By  raising  the  springing 
line  of  the  short  span  above  the  level 
of  that  for  the  long  span  the  same 
result  may  be  attained. 

SPANDREL    DESIGN 

For  earth-filled  spandrel  arches 
the  spandrel  walls  are  usually  de- 
signed as  gravity  retaining  walls 
ring  to  prevent  sliding.  Expansion 
joints  are  usually  provided  in  such 
walls  at  the  crown  and  over  piers, 
and  intermediate  if  spans  are  long, 
to  prevent  unsightly  cracks  from 
forming  in  the  spandrels  when  the 
arch  ring  rises  and  falls,  due  to  tem- 
perature changes.  The  spandrel 
walls  should  not  be  built  until  the 
arch  centers  have  been  struck  and 
the  arch  has  taken  its  initial  deflec- 
tion for  its  own  dead  load.  Rein- 
forced spandrel  walls  are  used  to 
some  extent  in  large  bridges  to 
lessen  the  dead  load.  All  spandrel 
walls  should  be  designed  as  retain- 
ing walls  (See  article  by  S.  M.  Cot- 
ten,  in  Aug.,  1915,  issue)  with  a 
surcharge  corresponding  to  the  as- 
sumed live  load. 

When  transverse  spandrel  arch 
construction  is  used  the  transverse 
walls  are  designed  to  take  the  arch 
thrust  of  the  small  arches  and  the 
direct  load  as  columns  subjected  to 
bending  and  direct  stress  (See  arti- 
cle on  Design  of  Columns  by 
Jerome  Cochran  in  the  June,  1915, 
issue).  The  arches  which  are  usual- 
ly of  short  span  are  in  general  de- 
signed as  plain  concrete  arches  with 
some  reinforcement  placed  near  the 
intrados  at  center  and  in  the  top 
over  the  walls  if  the  arches  are 
comparatively  flat  to  care  for  such 
moments  as  may  develop. 

im 


Where  girder,  beam,  slab  and  col- 
umn construction  is  used  for  span- 
drels the  former  should  be  designed 
in  accordance  with  the  principles  set 
forth  in  the  "Design  Method"  arti- 
cles in  the  Mar.,  1915,  and  the  Apr., 
1915,  issue  and  the  columns  in  ac- 
cordance with  those  set  forth  in  the 
article  in  the  June,  1915,  issue.  Ex- 
pansion joints  should  bei  provided  in 
the  spandrel  construction  at  or  near 
the  crown  and  also  at  the  piers  or 
abutments. 

APPROXIMATE    METHODS.   FOR   SOLUTION 
OF    THE    HINGELESS    ARCH 

The  Melon  Method— The  follow- 
ing method  for  the  approximate  solu- 
tion of  the  fixed  arch  abstracted  from 
that  given  by  Melan  in  Plain  and 
Reinforced  Concrete  Archea,  trans- 
lated by  Prof.  D.  B.  Steinman,  is  of 
value  for  checking  more  exact  de- 
signs and  existing  structures  whose 
ratio  of  rise  to  span  is  less  than 
YxQ  or  1/^,  whose  form  does  not  de- 
part very  much  from  the  parabolic 
or  whose  cross-section  does  not  in- 
crease greatly  toward  the  ends  of 
the  span. 

Assuming  that  the  arch  is  approxi- 
mately a  parabolic  and  that  the  term 
/cos.*  ^=  Ir,,  is  a  constant  for  full 
uniform  live  load  the  rise  of  the  line 
of  resistance  equals 


-'=r,  (/.f  X 


/o 


r)     (35J 


where  ra  =  rise  of  arch  axis  and 
Ao  =  average  cross-sectional  area  of 
the  arch  rib. 

Now  if  the  vertical  projection  of 
the  moment  of  inertia  of  the  cross- 
section  =  7oj  is  constant,  the  alge- 
braic sum  of  the  area  included  be- 
tween the  arch  axis  and  the  resis- 
tance line  must  be  zero,  and  the  lat- 
ter must  therefore  lie  at  a  distance 


above  the  crown  and 
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below  the  ends  of  the  arch  axis.     If 
the  arch  be  considered  of  homogene- 


FiG.   17 — Melan's  Approximate  Method 

OF    THE    HlXGELESS    ArCH 


ous    material    and    the    depth    at   the 

crown  is  d  the  above  values  of  the 

5     d'  5     d' 

intercepts  become and 

16  r„  8    To 

(See  Fig.  17.)  This  position  of  the 
line  of  resistance  is  of  course  true 
for  uniform  loading  only  as  for  open 
spandrel  arches  and  not  for  earth- 
filled  spandrel  arches.  However,  for 
flat  earth-filled  spandrel  arches  the 
method  can  be  used  to  estimate  the 
points  through  which  the  line  of  re- 
sistance must  pass  and  then  the  arch 
can  be  treated  as  a  three-hinged 
structure  which  is  statically  determi- 
nate if  three  points  in  the  line  of 
resistance  are  known. 

For  the  dead  load  only  then  the 
horizontal  thrust 


//. 


=    Mo 


(38) 


where  Mo  is  the  moment  of  vertical 
forces  about  the  crown. 

Having  found  the  horizontal 
thrust  for  dead  load  only,  the  hori- 
zontal thrust  for  a  uniform  live  load 
covering  one-half  the  spans  is  given 
by  the  following  equation. 


H  --Hdi-iH,  =/</ 


A' 


(39) 


If  the  arch  had  hinged  ends  the 
vertical  reaction  at  the  right  end  B 
would  be  1/8  ml.  However,  owing  to 
the  fixity  of  the  ends  this  reaction  is 
reduced  to  S/S2  ml. 

In  Fig.  17  to  find  the  pole  of  the 
force  polygon  for  live  load  on  one- 
half  span,  increase  the  dead  load 
thrust  Hd  by  one-half  the  live  load 
thrusts  Hi  and  correct  for  the  verti- 
cal and  reactions  due  to  the  live  load ; 
that  is,  raise  the  outer  end  of  pole 
line   for  one-half  live  load   and   full 

3 
dead  load,  —  wl  and  the  inner  end 

33 
(at  the  load  line)  by  1/8  wl.  Thus  in 
Fig.  17  the  point  0  is  the  pole  for 
the  force  polygon  for  dead  load  only, 
Oi  for  full  live  and  dead  load  and 
0„  the  corrected  pole  for  dead  load 
and  live  load  over  one-half  span. 
Since  the  point  of  application  of  the 
line  of  resistance  at  the  crown  re- 
mains the  same,  the  construction  of 
said   line   is    determined. 

With  full  live  load  rv  per  unit 
length  the  total  horizontal  thrust  is 


H-  H. 


A' 


(40) 


and  the  approximate  moments  are: 
At  crown, 

M.-{H^-i^')i(r'-r.)     (41) 

At  the  ends, 

M,  =  -{Hj  ^ s  ^0 /r^'-'i;  (42) 

February,  1916 


CONCRETE 


For  live  load  on  one-lialf  span  the 
approximate   moments   are: 
At  end  of  loaded  side 

m) 

At  the  middle  of  the  loaded  side, 

The  Luteti  Method — The  follow- 
ing is  an  outline  of  the  method  used 
in  the  design  of  earth-filled  spandrel 
arches  of  the  Luten  type.  The 
method  is  empirical,  based  on  experi- 
ence gained  in  the  construction  of  a 
large  number  of  such  arches.  These 
formulas  are  based  on  3r>0  lbs,  per 
sq.  in.  compression  in  concrete,  50 
lbs.  shear  in  concrete  and  15,000  lbs. 
per  sq.  in.  tenlion  in  steel. 

2.  The  inner  curve  of  the  arch  is 
determined  as  follows  (See  Fig.  18). 
Draw  an  ellipse  of  the  required  span 
and  rise,  pass  a  segment  of  a  circle 
through  the  crown  and  springing  of 
ellipse,  bisect  the  vertical  distances 
between  the  ellipse  and  circle  and  ap- 
proximate the  resulting  curve  by  arcs 
of  circles,  adjusting  the  curve  at  the 
springing  to  become  tangent  to  the 
verticals.  An  ellipse  is  easily  drawn 
as  shown  on  the  left  of  Fig.   18  by 


area  below  the   springing  and  adja- 
cent the  back  tangent 
.4  (S  X   Crown  Thickness — Height) 

Coeff.  Friction 
This  formula  gives  correct  results 
for  a  structure  intended  to  be  equal- 
ly strong  in  all  parts  for  short 
spans.  However,  the  constant  i  in 
the  crown  formula  results  in  a  crown 
thickness  desirable  for  practical  rea- 
sons but  excessive  for  the  given  load- 
ing and  therefore  when  substituting 
in  the  formula  just  given  the  crown 
thickness  may  be  reduced  by  4. 

The  coefficient  of  friction  varies 
with  the  material  on  which  the  abut- 
ment rests,  ranging  from  zero  for 
fluid  foundations  to  unity  for  rock 
foundations,  and  therefore  depends 
on  local  conditions. 

5.  The  diameter  of  the  bars  re- 
quired for  reinforcing  the  arch  ring 
are  found  by  tlie  formula 

Dia.  bars^square  root  of  Spac- 
ing X 

Span  X  Cone.  Load 


Fig.  18 — Diagram  foh  Deteeminino 

CUBVE    OF    LtTTEN    AbCH 

striking  two  concentric  circles  with 
the  middle  of  the  span  as  center  and 
passing  through  crown  and  spring- 
ing respectively;  then  draw  any 
radius  intersecting  the  two  circles 
and  project  the  points  of  inter- 
section parallel  to  the  span  and  to 
the  rise,  until  they  intersect  in  a 
point  of  the  ellipse. 

2.  Lay  off  the  crown  thickness  in 
accordance  with  the  Luten  formulas, 
Fig.  5,  Part  I,   (Oct.,  1915,  issue.) 

3.  Draw  the  extradosal  line  of 
arch  as  a  circle  having  a  radius  equal 
to  Radius  of  Inner  Curve  at  Crown 

Crown  Thickness 

+ 

6 
Continue    this     circle     to     level    of 
springings  and  then  carry  out  on  tan- 
gent. 

4.  Lay  out  the  abutment  with  an 
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250  Crown  Thickness 
The  arch  rods  should  cross  the  arch 
ring  at  one-third,  one-half  and  two- 
thirds  of   the  distance   from  spring- 
ing to  crown. 

ARCHES    WITH     RIGID    REINFORCEMENT 

TO    SUPPORT    PART    OF    THE    DEAD 

LOAD   DURING    CONSTRUCTION 

As  has  been  stated  several  times 
previously  in  this  article,  the  gen- 
eral practice  in  this  country,  as  re- 
gards arch  design,  is  so  to  propor- 
tion the  arch  rings  or  ribs  that  the 
resistance  line  remains  within  the 
middle  third  for  all  conditions  of 
loading.  Reinforcement  is  gener- 
ally used  in  the  arch,  but  since 
tensile  stresses  do  not  occur,  or  are 
very  small,  the  steel  cannot  fulfill  its 
proper  function  since  the  compres- 
sion in  the  steel  cannot  exceed 
n  =  15  (Ratio  of  moduli  of  elastic- 
ity of  steel  to  concrete)  times  the  al- 
lowable compression  in  the  concrete 
which  for  400  lbs.  per  sq.  in.  in  the 
latter  gives  6,000  lbs.  per  sq.  in.  in 
the  steel. 

It  can  readily  be  seen  that  if  by 
some  means  an  initial  stress  can  be 
transferred  to  the  steel  before  the 
concrete  is  capable  of  taking  any 
stress  whatever,  this  apparent  waste 
of  steel  can  in  a  measure  be  avoided. 
By  the  use  of  steel  reinforcement  of 
a  rigid  type  so  fabricated  as  to  be 
self-supporting  and  at  the  same  time 
capable  of  carrying  a  part  of  the 
weight  of  the  arch  concrete  during 
construction,  this  end  can  be  attain- 
ed. » 

In  the  Melan  system,  previously 
described,  such  reinforcement  is 
used.      As    stated    in    Melan's   Plain 


and  Reinforced  Concrete  Arches  the 
centering  is  designed  to  carry  a  por- 
tion k  generally  %  of.tlie  weight  of 
concrete  arch,  the  remainder  {1-k) 
being  carried  directly  by  the  rein- 
forcing ribs  by  suspending  the  forms 
from  them.  This  weight  produces  a 
compressive  stress  f\  in  the  ribs 
wliich,  assuming  the  line  of  resis- 
tance for  this  loading  coinciding 
with  the  arch  axis  is, 

where  w  equals  the  weight  of  arch 
concrete  per  cu.  ft.  ro  equals  the 
radius  of  curvature  of  the  axis  at  the 
crown  and  «„  the  ratio  of  the  total 
reinforcement  at  the  crown  to  the 
concrete  section. 

To  this  initial  stress  in  the  steel 
rib  must  be  added  the  compression  in 
steel  caused  by  arch  action  =:  fa  = 
nfc  (or  n  times  the  concrete  stress) 
then 

Fs^fs'^C"  ^''''^^''=  ->■  nrc     (4€) 
transposing 
^^  =    (l-h)  wr„ 
fs-nfc 

In  this  construction  the  total 
stress  in  steel  should  be  limited  to 
from  10,000  lbs.  to  12,500  lbs.  per 
sq.  in.,  since  the  initial  stress  should 
be  kept  comparatively  low  to  avoid 
buckling  of  the  ribs  and  excessive 
bending  stresses.  Where  the  ribs 
are  secured,  braced  transversely  at 
frequent  intervals,  this  allowable 
stress  can  safely  be  increased  to 
16,000  lbs.  per  sq.  in. 

The  modern  tendencies  in  arch  de- 
sign are  toward  the  most  economical 
use  of  all  materials  involved  in  their 
construction  and  we  can  therefore  ex- 
pect to  find  reinforcement  of  the 
rigid  type  used  to  a  much  greater 
extent  in  future  work. 
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Information  Desired  Regard- 
ing Effect  of  Vibration 
of  Structures 

Recognizing  that  practically  every 
one  is  certain  that  higher  speed,  bet- 
ter work  and  greater  human  effi- 
ciency are  possible  in  a  stable  build- 
ing as  compared  with  one  that  vi- 
brates, but  that  exact  data  proving 
this  fact  are  difficult  to  obtain,  the 
Aberthaw  Construction  Co.,  Boston, 
is  undertaking  an  exhaustive  investi- 
gation in  the  effort  to  bring  together 
conclusive  evidence.  The  firm  will 
greatly  appreciate  any  suggestions 
or  reports  of  experience  that  our 
readers  may  be  able  to  send  to  them. 
These  may  have  to  do  with  any  as- 
pect of  the  case  that  will  assist  in 
the  collection  of  facts  or  for  reach- 
ing conclusions. 
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Concrete   Floor   Construction   For  a 
Residence         d  n  n         n  n 


The  Questions  Below  Are 
Discussed  By: 

Charles  H.  Neal^ 

A.  Morgan  Smith" 

W.  E.  Wagner'' 

Prof.  A.  B.  McDaniel* 

"What,  in  your  estimation,  is  the 
most  practical  and  economical  floor 
desigii  for  the  house  plan  shown, 
taking  into  consideration  the  follow- 
ing conditions: 

"1.  An  isolated  house  which  can- 
not sta7id  investment  in  expensive 
equipment. 

"2.  Ordinary  labor,  an  intelligent 
foreman,  willing  to  follow  directions 
but  not  a  specialist  in  this  class  of 
work. 

"3.  Concrete  material;  bank  gra- 
vel of  good  quality. 

"4-  Reinforcement ;  any  type  pro- 
curable in  open  market." 

[Editor's  Note — The  floor  plan 
selected  for  discussion  is  that  of  a 
house  described  in  the  Jan.,  1916, 
issue,  p.  3,  and  built  bv  J.  F.  Hahn, 
C.  E. 

This  plan  was  selected  because  it 
involves  distinctly  different  spans 
and  because  its  size  and  arrange- 
ment would  seem  to  make  it  of  gen- 
eral interest. 

No  criticism  of  Mr.  Hahn's  de- 
sign is  implied;  in  fact,  a  design 
practically  identical  with  that  actu- 
ally used  was  submitted  by  two  cor- 
respondents, but  it  is  omitted  to 
avoid   du)ilication.] 

By  Mr    Neal 

If  I  were  constructing  the  house 
in    question    I   would   put   in   simple 

'Hiehway  Ener.,  Asheville,  N.  C. 
'Archt.,  Mt.  Lebanon,  Pa. 
'Ensr.,   Toronto.   Ont.,  Can. 
•University  of  Illinois,   Urbana,  111. 
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Fig.  1 — Floor  Plan 

slab  floors  4"  thick  of  1  :'2  -.i  con- 
crete with  l/2"'n-  *"  %-in.  top  or 
wearing  surface,  1  part  cement  to  2 
parts  good  sand  and  treated  with 
some  one  of  the  good  dust  preventa- 
tives on  the  market.  If  other  than 
this  finish  were  used  I  would  prob- 
ably make  the  base  full  V  thick, 
but  in  tlie  case  of  the  sand  and  ce- 
ment finish  would  make  it  a  part  of 
the  4",  putting  it  on  immediately 
after  pouring  the  base,  thus  getting 
advantage  of  the  strength  in  the 
compressive  surface. 

On  the  longer  spans  (13'  8")  I 
would  use  ^/o-in.  bars  either  square, 
deformed  or  twisted,  spaced  4";  and 
%-in.  transverse  bars  spaced  12". 
(See  Fig.  1).  I  would  support  these 
bars  %"  from  the  forms  by  means 
of  spacing  chairs  or  supports  placed 
at  every  square  foot  crossing  and 
wiring  the  ^/ij-in.  rods  securely  to  the 
transverse  rods.  On  the  shorter 
spans  %-in.  bars  would  be  used  al- 
together, spaced  as  above  only  when 
the  span  does  not  exceed  8'.  Under 
8'  I  would  space  them  5"  instead  of 
4".  To  get  a  good  safe  job  the 
spacing  chairs  or  supports  are  indis- 
pensable, because  they  insure  against 


getting  tlie  steel  down  on  the  forms, 
liold  everything  in  its  place  and  per- 
mit of  rolling  wheelbarrows  on 
boards  laid  directly  on  the  rods  with- 
out risk  of  damage — especially  where 
the  pouring  is  rapidly  done.  The 
form  would  be  made  of  a  medium 
grade  of  t.  and  g.  '^/s-'vi^-  boards  sup- 
ported on  2-in.  x  4-in.  joists  spaced 
2'  o.  c.  with  uprights  placed  4"  to 
5'  apart.  If  the  concrete  is  care- 
fully placed  this  will  give  a  nice 
overhead  surface  which  will  need  no 
further  treatment  except  to  rub  out 
the  form  marks  and  kalsomine  or 
paint  as  desired.  A  good  grade  of 
bank  or  creek  gravel  with  the  larger 
pebbles  taken  out  will  be  all  right 
for  such  work,  provided  the  propor- 
tion of  sand  is  not  exceeded. 

This  work  should  require  no 
great  amount  of  skilled  labor.  A 
foreman  of  average  intelligence  will- 
ing to  follow  instructions,  could  with 
a  force  of  ordinary  laborers  do  the 
work.  The  lumber  in  the  forms,  if 
taken  down  with  care,  could  be  used 
for  both  floors. 

To  some  designers  such  a  floor  as 
this  may  appear  unsafe  but  the  writ- 
er has  recently  had  experience  in 
floor  construction  which  leads  him  to 
believe  otherwise.  I  have  now  under 
way  a  concrete  dwelling  in  which 
sucli  a  floor  has  been  used. 

The  floor  spans  are  16'.  At  first 
I  began  to  cast  about  for  a  suitable 
floor  slab  design  and,  wishing  to 
economize  in  floor  thickness,  began 
to  wonder  whether  or  not  4"  would 
be  safe  for  that  span.  I'  could  find 
no  formulas  or  tables  that  would 
allow  such  a  thing  nor  could  I  find 
any  case  in  which  4"  had  been  used 
in  so  great  a  span.  I  decided  to 
make  a  test.  A  slab  section  1'  wide, 
4"  thick  and  l6'  long  was  made. 
The  only  available  bars  at  the  time 
were  %-in.  twisted.  Three  of  these 
were  put  in  the  section.  The  piece 
was  poured  so  that  when  the  forms 
were  taken  out  the  ends  would  be 
resting  on  supports  just  16  apart. 
At  the  end  of  14  das.  the  forms 
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were  removed  .iiul  .ill  of  tli<-  su))- 
ports  except  those  at  tlie  ends  were 
taken  out.  The  slab  deflected  of  its 
own  weiglit  about  1 V4"-  Two  men 
weifi;hing  l;j()  lbs.  eaeli  walked  to  the 
center  and  stood.  It  deflected  tiien 
to  about  ,'i"  in  all  but  sliowed  no 
sif{ns  of  failure.  It  was  tlien  raised 
back  to  a  level  position  and  left  7 
das.  longer.  At  the  end  of  21  das. 
the  props  were  again  removed  and 
this  time  four  men  weighing  ap- 
proximately 150  lbs.  each  were 
placed  in  tiie  center.  The  deflection 
was  about  as  before  but  still  there 
was  no  sign  of  failure  except  a  few 
hair  cracks  that  appeared  on  the  un- 
der side  between  the  outer  edges  of 
the  section  and  the  outer  bars,  which 
were  about  1  ^  j"  from  the  outer 
edges  of  the  slab.  I  attributed  this 
to  there  being  no  steel  to  prevent 
rupture  at  these  points.  I  was,  how- 
ever, not  entirely  satisfied  with  the 
result  and  decided  to  stiffen  my 
floors  by  running  beams  through  the 
centers  of  tlie  spans  one  way.  This 
was  done  but  since  pouring  and  test- 
ing my  floors  I  have  decided  that 
these  beams  were  not  really  neces- 
sary and  that  if  I  had  made  my 
floors  as  described  above  they  would 
have  been  sufliciently  strong.  That 
old  test  slab  has  been  there  all 
througli  the  job,  with  everybody 
walking  on  it  and  jum|)ing  up  and 
down  at  will.  It  springs  like  a 
hickory  board,  but  so  far  we  have 
not  been  able  to  break  it  down.  It 
seems  to  improve  witli  age  and  the 
deflection  is  less  now  than  at  the  be- 
ginning. 

By  Mr.  Smith 

Concrete  floor  construction  for 
residence  is  suggested  as   follows: 

Cellar  wall  (see  Fig.  1  for  refer- 
ences;— To  be  10"  or  12"  thick;  ."? 
%-in.  twisted  square  bars  to  run  full 
length  of  front  and  back  walls  just 
over  window  heads.  Not  necessary 
to  reinforce  partition.  Note  "End 
of  Cellar  Wall"  and  connect  across 
with  beam  at  "E." 

First  floor  slab — To  be  5"  thick 
and  reinforced  with  ^g"'"-  twisted 
square  bars  24'  9"  long,  spaced  12" 
o.  c.  Beam  "B"  to  be  8"  deep  with 
3  34-in.  rods.  Beam  "E"  to  be  8" 
deep  with  3  %-in.  rods.  Near  cellar 
stair  opening  place  3  %-in.  bars 
about  5'  long. 

First  story  walls — 3  "s-in.  square 
twisted  bars  to  run  full  length  of 
front  and  back  walls  over  window 
heads  and  below  second  floor  slab. 
Run  3  %-in.  bars  through  center 
partition  over  door  heads  and 
through  beam  "E." 

Second  floor  slab — Thickness  of 
slab  and  steel  same  as  for  first  floor 
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slal).  Beam  "B"  to  liavc  3  ^-in. 
bars. 

Second  story  walls — Reinforcing 
similar  to  first  story  walls.  Parti- 
tion "K"  should  have  3  %-in.  bars 
within  18"  of  the  floor. 

Seventy  lbs.  live  load  on  floors  al- 
lowed. Concrete  to  be  mixed  1  :2 :  t, 
cement,  sand  and  gravel.  Usually 
for  an  isolated  job,  where  skill  is 
scarce,  it  is  best  to  use  heavier  bars 
and  space  farther  apart. 

By  Mr.  Wagner 

As  economy  is  a  vital  question  in 
tlie  design  of  a  dwelling  of  tlie  type 
under  discussion,  the  aim  should  be 
to  secure  fireproof  qualities,  using  as 
far  as  possible  the  ordinary  building 
materials,  which  can  be  easily  pro- 
cured, and  methods  whicli  have  been 
adopted   from  experience. 

Reliable  men  can  be  found  in  any 
locality  for  ordinary  building  work, 
but  when  new  methods  are  intro- 
duced considerable  expert  superin- 
tendence is  required,  to  be  sure  of 
satisfactory   results. 

It  is  very  pleasing  to  the  engineer 
or  architect  to  have  every  piece  en- 
tering into  a  structure  incombustible, 
but  outside  of  this,  very  little  gain 
is  achieved  in  substituting  fireproof 
materi.-il  at  higlier  ])riees  for  com- 
bustible material,  wliieh  from  its  po- 
sition and  nature  does  not  under  any 
circumstances  act  as  a  menace  to  the 
building.  The  aim  should  be  rather 
to  make  fireproof  all  such  parts  as 
are  in  danger  of  catching  fire  or  of 
spreading  it,  or  which  could  in  case 
of  fire  cause  serious  damage  to  the 
building  or  contents. 

With  these  things  in  mind  the  first 
step  in  designing  a  floor  for  a  con- 
crete dwelling  is  to  get  away  from 
wooden  joists  which  are  in  the  most 
favorable  position  for  catching  and 
spreading  fire.  A  close  hardwood 
floor,  tongued  and  grooved,  if  sepa- 
rated from  wooden  joists,  is  fire- 
proof for  all  practical  purposes,  for 
a  fire  could  burn  on  the  surface  for 
a  considerable  time  without  igniting 
it. 

Even  the  ordinary  lath  and  plas- 
ter ceiling  will  be  almost  as  free 
from  danger  of  fire  as  more  expen- 
sive channel  and  metal  lath  ceiling, 
provided  it  is  properly  isolated  by 
being  attached  to  fireproof  joists. 

The  design  which  I  advise  for 
floors  in  a  moderate  priced  concrete 
house  is  reinforced  concrete  joists, 
with  wooden  floors  and  ceiling  of 
lath  and  plaster,  or  standard  fiber 
board,  combustible  in  themselves  but 
practically  safe  from  fire  for  the 
reason  that  there  is  no  place  for  fire 
to  get  a  start,  and  affording  no  great 
danger   to   the   house   or  contents   in 
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the  event  of  fire  starting  due  to  some 
extraordinary  cause. 

Concrete  joists  on  l6-in.  centers 
made  and  set  as  shown  will  cost  in 
place,  exclusive  of  the  forms,  about 
.0.7  cts.,  or  about  $15  more  than 
wooden  joists. 

If  a  number  of  houses  are  to  be 
constructed  the  cost  of  the  forms  for 
the  joists  will  be  slight,  for  they  can 
be  used  repeatedly  and  hundreds  of 
joists  can  be  made  with  one  set  of 
forms. 

The  house  shown  in  the  illustra- 
tion will  require  5 1  joists  2"  x  10" 
X  13'  6"  reinforced  with  y-j^-'m.  steel 
rods  %vith  projecting  hooked  ends, 
and  51'  joists  of  same  dimensions 
10'  8"  long.  The  steel  rods  in  these 
might  be  lighter,  but  it  will  be  more 
convenient  to  use  1,^-in.  steel  for  all. 

The  illustration  shows  part  of  typ- 
ical joist  with  nailing  strips  attached 
and  the  method  of  manufacturing 
the  joists  and  the  forms  necessary. 

CONSTRUCTION 

On  a  suitable  level  floor  set  up 
and  brace  as  shown  the  dressed 
plank  A  13/4"  x  llVg"  and  1%" 
longer  than  the  required  length  of 
joist.  At  right  angles  to  this  set  up 
and  brace  end  planks  B  of  same 
dimensions,  and  of  a  length  depen- 
dent on  the  number  of  joists  it  is 
desired  to  make  in  one  set. 

The  end  planks  are  slotted  to  ad- 
mit of  the  passage  of  the  bent  ends 
of  the  reinforcing  steel,  and  have 
cleats  C  nailed  in  place  as  shown, 
the  section  of  cleat  c'  being  remov- 
able. 

Having  placed  a  bent  rod  through 
the  slots  of  the  end  plank,  raise  it, 
and  hold  it  in  position  with  the  re- 
movable piece  of  cleat  c'.  Next 
place  the  bottom  nailing  strip  D 
in  which  are  bent  nails  for  bonding 
into  the  concrete,  and  attach  the  steel 
rod  to  the  nails  in  several  places 
with  fine  wire  to  hold  it  central. 
Now  put  the  separating  board  E  into 
the  grooves  formed  by  the  cleats  C. 
Every  third  or  fourth  nailing  strip 
might  be  lightly  toe-nailed  to  take 
the  spring  out  of  the  lumber  and 
keep  all  the  joints  tight. 
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After  the  steel  and  the  forms  for 
the  required  number  of  joists  are  in 
place  and  the  outside  plank  set  and 
braced,  put  in  several  spacing  plank 
F  to  keep  the  separating  boards  to 
line  until  the  concrete  is  partly 
poured.  The  concrete  should  be 
brought  above  the  top  of  the  forms 
and  the  surplus  struck  off  with  a 
straightedge. 

Now  place  the  top  nailing  strips 
G,  through  which  nails  have  been 
driven  and  bent.  On  the  outside 
form  planks  place  gauge  strips  ^4" 
thinner  than  the  height  of  the  nail- 
ing strips,  and  tap  with  several 
heavy  straightedges  until  the 
straightedges  rest  on  the  gauge 
strips.  If  necessary,  tack  them 
down  to  hold  the  joists  true  to  depth 
until  the  concrete  hardens. 

The  lumber  for  forms  should  be 
soaked  in  water  before  using  to  pre- 
vent swelling,  and  should  be  well 
oiled. 

Concrete  should  be  mi.xed  in  the 
proportion  of  1  of  cement  to  5  of 
uniformly  graded  gravel,  passed 
through  a  ^-in.  screen. 

In  erecting  the  joists,  first  have 
the  forms  for  the  side  walls  up  to 
the  level  of  the  bottom  of  the  joists, 
and  nail  a  girt  along  the  inside  of 
the  studs  to  support  the  joists.  Af- 
ter the  joists  have  been  placed  in 
position,  with  their  ends  projecting 
into  the  wall  space  continue  the  form 
work  around  the  joists  and  pour  the 
concrete,  tying  the  ends  of  the  joists 
into  the  wall,  taking  care  to  place 
steel  rods  over  all  openings  to  form 
beams  of  sufficient  strength  to  carry 
the  floors  as  well  as  the  concrete 
wall  above. 

By  Prof.  McDaniel 

In  consideration  of  the  best  type 
of  floor  construction  for  a  small  resi- 
dence, the  principal  factors  are 
cheapness,  strength,  weight  and  ease 
of  construction.  The  first  two  con- 
ditions, an  isolated  house  and  ordi- 
nary labor,  will  require  simplicity  in 
design  and  construction.  This  result 
can  best  be  secured  by  the  use  of  a 
flat  slab  with  a  type  of  reinforce- 
ment which  can  be  easily  and  prop- 
erly placed. 

Two  types  of  floor  construction 
are  adaptable  to  the  conditions:  the 
flat  slab  with  a  simple  type  of  re- 
inforcement and  the  one-way  tile 
system.  The  latter  t}'pe  would  be 
economical  and  light  in  weight,  but 
the  writer  does  not  advise  its  use 
unless  skilled  labor  is  obtainable. 
Hence  in  this  case,  the  writer  would 
recommend  a  simple  slab  with  a 
"mesh"  type  of  reinforcement.  Ex- 
panded metal  unit  high  tensile  wire 


y^S'jM^S////'onr^/^/-^r    ij^/'/yo  BVZ'^' 


\^ 
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fabric^  or  similar  material  such  as 
rib  metal,-  is  available,  easy  to  place 
and  efficient  for  light  loads.  This 
form  of  reinforcement  should  be 
placed  with  the  long  way  of  the 
mesh  or  the  rib  transverse  to  the 
supporting  sides  or  parallel  with  the 
short  dimension  of  the  slab.  In  this 
case  the  clear  span  widtli  of  the  liv- 
ing room  ,  13'  2",  would  govern  the 
depth  of  slab,  which  could  be  made 
5"  with  the  use  of  0.35  sq.  in.  of 
reinforcement  per  ft.  of  width  of 
slab.  This  design  would  be  based 
on  the  use  of  a  bending  moment  co- 
efficient of  3'iO!  assuming  the  slab  to 
be  fixed  at  the  ends  and  continuous 
over  the  intermediate  support.  The 
illustration  shows  the  method  of 
placing  the  reinforcement.    (Fig.  3.) 

It  is  assumed  that  the  concrete 
would  be  mixed  by  hand  or  with  a 
small  batch  mixer.  The  proportions 
should  be  about  1:2:4  by  volume, 
although  a  simple  density  test  might 
profitably  be  made  to  determine  the 
proportions  which  would  give  the 
greatest  density  with  the  material  on 
hand. 

The  concrete  should  be  transport- 
ed from  the  mixer  to  the  floor  in 
steel  wheelbarrows  and  shoveled  into 
place,  care  being  taken  that  the  re- 
inforcement is  entirely  embedded. 

The  formwork  could  be  simply 
provided  for  by  a  system  composed 
of  3-in.  X  4-in.  posts  spaced  about 
7'  o.  c.  through  the  middle  of  the 
larger  rooms.  The  posts  would  sup- 
port 3-in.  X  6-in.  girts,  which  would 
carry  2-in.  x  6-in.  joists  spaced  24'" 
o.  c,  on  which  the  1-in.  x  6-in.  roof- 
ers would  be  laid.  Along  the  out- 
side walls  the  ends  of  the  floor  joists 
would  be  supported  on  ledgers.  The 
slab  forms  might  economically  be 
made  up  into  sections,  about  3'  6" 
X  7',  which  could  be  used  at  least 
twice  to  advantage. 


Test  Concrete  Road  and 
Bridge  Slabs 

The  Office  of  Public  Roads  and 
Rural  Engineering  has  begun  a 
series  of  tests  at  Arlington,  Va.,  to 
determine  the  proper  thickness  of 
the  concrete  base  for  roads  of  dif- 
ferent types  when  subjected  to  loads 
of  difl^erent  magnitudes  and  when 
placed  on  various  kinds  of  sub-base. 
In  view  of  the  increasing  intensity 
of  wheel  loads  to  which  roads  are 
now  being  subjected,  the  solution  of 
this  problem  is  becoming  of  great 
economic  importance.  Steps  have 
been  taken  to  mold  slabs  of  varying 
thicknesses  on  several  kinds  of  sub- 
base  and  test  them  to  destruction, 
the  load  being  applied  through  vari- 
ous kinds  of  paving  surface. 

Concrete  roads  are  now  being 
built  throughout  the  country  with 
numerous  kinds  of  aggregate  and 
under  various  construction  methods. 
There  is  a  noticeable  diff"erence  in 
the  amount  of  wear  suff'ered  by  these 
surfaces,  and  it  is  a  much  mooted 
question  as  to  which  kind  of  aggre- 
gate will  prove  most  economical  un- 
der particular  conditions  of  traffic 
and  location  of  source  of  supply. 

In  order  to  gain  information  of 
value  in  this  connection,  an  instru- 
ment has  been  devised  and  con- 
structed in  the  concrete  laboratory  at 
Arlington,  Va.,  for  the  purpose  of 
measuring  the  amount  of  wear  of 
concrete  roads  of  diiferent  types. 
Periodical  wear  measurements  will 
be  taken  of  concrete  road  surfaces 
on  which  the  traffic  conditions  are 
known. 

It  has  long  been  known  that  con- 
crete is  not  elastic,  but  attains  per- 
manent deformation  under  working 
loads.  During  the  course  of  a  series 
of  tests  on  reinforced  concrete  slabs 
recently  made  by  the  Office  of  Pub- 
lic Roads  and  Rural  Engineering, 
and  now  being  continued,  it  was  very 
forcibly  brought  to  the  notice  of  the 
observers  that  the  concrete  continued 
to  deform  slowly  as  long  as  the  load 
was  applied.  This  fact  is  signifi- 
cant, as  it  helps  to  explain  certain 
stress  conditions  in  concrete  roads 
and  bridges  when  subjected  to  tem- 
perature changes.  In  order  to  study 
this  phenomenon  more  fully,  a  series 
of  tests  has  been  begun  to  determine 
the  "flow"  of  concrete  and  rein- 
forced concrete  when  subjected  to 
direct  compression  and  to  bending 
stresses.  Working  conditions  will 
be  maintained  on  the  specimens  as 
long  as  they  exhibit  "flow,"  and  fin- 
ally the  specimens  will  be  broken  in 
comparison  with  like  specimens  that 
have  not  been  previously  loaded. 
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Correspondence  :  a  Department 

in  Which  the  Reader  Becomes  the   Writer         □ 

This  is  your  department.  It  is  iiifoniiul.  Use  it.  This  is  the 
place  Jhr  letters  xvhich  have  either  inspiration  or  information  for 
the  ^'otherfellorv.''^  It  is  well  to  remember  that  you  are  usually 
in  Im  position.  If  you  are  to  get  the  good  out  of  these  columns, 
rvhy  not  help  to  make  them  good  ?  Jfrite  about  your  ifork. 
Help  the  Other  "other fellow.'''  n  n  n 

Concrete  Pipe  for  Sewers — ClaipMan 
Objects  n 


D 
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In  the  letter  which  follows, 
from  G.  II.  Tcfft,  secy.-treas. 
of  the  Intl.  Clay  Products 
Bureau,  statements  made  by 
Charles  E.  Sims  about  con- 
crete sexcers  are  questioned  by 
the  representative  of  the  clay 
pipe  industry.  Everyone  de- 
siring an  impartial  view  in 
the  controversy  should  read 
the  letters  from  municipal  en- 
g'inecrs  in  the  cities  in  xvhich 
■  the  use  of  concrete  is  under 
question.  The  attention  of 
readers  is  also  called  to  the 
letters  elsexchere  in  this  issue 
pid)Ushed  under  the  title.  "Is 
Concrete  a  Good  Sexcer  Ma- 
terial?" 

A  Letter  from  G.  H.  Tefft^ 

The  subjects  of  concrete  pipe  for 
sewers  and  its  durability  have  not 
been  treated  so  impartially  in  your 
correspondence  department  as  their 
importance  deserves.  R.  H.  Hering, 
for  instance,  has  very  little  to  say 
on  the  subject,  but  after  observing 
cases  of  the  disintegration  of  con- 
crete pipe  by  sewage  in  several  cases 
in  America  and  Europe  his  conclu- 
sions, as  stated  before  the  Am.  Soc. 
of  Civ.  Engrs.,  were  as  follows : 

1.  When  the  immediate  agent  of  de- 
struction is  carried  by  water  disintegra- 
tion will  be  found  below  the  permanent 
water  surface.  If  such  water  is  flowing 
inside  of  a  structure,  as  in  a  sewer  (acid 
or  alkali  factory  waste),  the  disintegra- 
tion will  be  inside  and  as  far  as  the 
water  penetrates  the  material.  If  the 
water  is  ground  water  in  alkali  soil, 
swamp  or  peat,  the  disintegration  will 
be  on  the  outside  (Great  Falls  and  Osna- 
bruck),    chiefly    between    high    and    low 

'Secy.-Treas..  Internal.  Clay  Products  Bur., 
Kansas  City,  Mo. 
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ground  water  levels,  and  may  penetrate 
porous  material  towards  the  inside  of 
the  structure. 

2.  When,  on  the  other  hand,  the  agent 
of  destruction  is  caused  by  gases  (gen- 
erally sulphuretted  hydrogen)  arising 
from  waters,  whether  on  the  outside 
(Osnahruck)  or  the  inside  (Los  Angeles 
and  Berlin)  of  a  structure,  the  disinte- 
gration will  take  place  above  the  perma- 
nent water  surface. 

Mr.  Hatton,  of  Milwaukee,  could 
give  no  information  on  the  subject 
at  all,  yet  the  three  men  in  charge 
of  the  field  work  of  repairing  Mil- 
waukee's sewers,  when  interviewed 
by  our  representatives,  all  stated 
that  concrete  was  not  durable  for 
this  purpose;  that  it  was  affected  in 
a  few  years  by  sewer  gas,  and  they 
use  nothing  but  clay  pipe  in  making 
tiie  necessary  repairs.  The  advanced 
state  of  disintegration  at  the  inter- 
section of  State  and  l6th  Sts.  agrees 
with  their  observations,  and  investi- 
gations b}-  the  Board  of  Public 
Works  of  Kansas  City  concerning 
concrete  sewers  in  Milwaukee  led  to 
the  same  conclusion.  They  saw 
Portland  cement  concrete  sewer 
pipes  taken  out  of  the  ground  in  a 
state  of  collapse  and  disintegration. 

Also  in  Mr.  Sims's  letter-  there 
is  a  great  deal  left  unsaid.  He  men- 
tions San  Francisco  as  a  city  in 
which  concrete  pipe  has  met  with 
popularity.  San  Francisco  engineers 
do  not  allow  a  foot  of  it  to  be  used 
there.  Monolithic  sewers  are  some- 
times used  if  lined  with  brick  on  the 
inverts.  He  mentions  Oshkosh,  Wis., 
without  stating  that  the  concrete 
sewer  pipe  there  had  been  taken  up 
in  many  places  on  account  of  being 
disintegrated.  He  mentions  Chicago 
as  having  had  no  trouble  with  it. 
The  only  place  we  know  of  in  which 
Chicago  has  used  cement  pipe  such 
as  he  refers  to  was  thus  commented 

'Letter  from  Charles  E.  Sims,  this  depart- 
ment. July.  1915.  issue,  under  title.  "The 
Popularity  of  Concrete   Pipe  is  Increasing" 


on  by  Chicago's  chief  sewer  pipe  in- 
spector: 

City  of  Chicago,  Board  of  Ivocal  Imp., 
Chicago,  111.,  May  9,  1913. 
International  Clay  Products  Bureau, 

Kansas  City,  Mo. 
Gentlemen : 

In  order  to  answer  your  inquiries 
about  the  old  concrete  sewer  recently 
exposed  at  the  site  of  the  Transit  House, 
Stock  Yard  district,  in  this  city,  I  have 
inspected  the  site  and  find  that  the  bare 
statement  that  the  sewer  has  lasted  40 
yrs.  is  entirely  misleading.  Although  the 
bulk  of  the  original  material  is  still  in 
place,  it  has  apparently  been  for  many 
years  in  a  very  disintegrated  and  unsani- 
tary condition,  carrying  very  little  sew- 
age and  containing  much  deposited  filth. 
The  pipe,  which  seems  to  have  been 
originally  a  good  dense  mixture  of  ce- 
ment, sand  and  gravel,  is  now  in  such  a 
condition  that  both  the  inner  and  the 
outer  surface  of  pipe  can  be  scratched 
oflF  with  the  fingers  so  as  to  loosen  the 
gravel.  The  entire  section  is  saturated 
with  and  softened  by  sewage  and  all  the 
pipes  exposed  are  cracked  longitudinally 
and  across,  allowing  the  sewage  to  soak 
into  the  surrounding  ground. 

In  my  opinion  the  sanitary  condition 
of  the  neighborhood  would  have  been  im- 
proved if  this  sewer  had  not  been  al- 
lowed to  remain  so  long,  but  had  been 
rebuilt  years  ago. 

(Signed)  F.  M.  Finswaite, 
Chief  Sewer  Pipe  Inspector 

of  City  of  Chicago. 

In  San  Diego  there  has  been  some 
concrete  pipe  used  but  Mr.  Sims 
fails  to  state  that  the  contractor  who 
attempted  to  use  it  lost  a  great  deal 
of  money  .and  was  compelled  to  fin- 
ish the  contract  with  clay  pipe  in 
order  to  make  the  job  according  to 
specifications. 

According  to  Mr.  Sims's  letter 
there  are  400  mi.  of  concrete  pipe  in 
Brookline,  !Mass.     This  is  not  true. 

There  are  '100  mi.  of  concrete  pipe 
in  Brooklyn,  N.  Y.,  but  as  soon  as 
Engineer  Fort  got  his  specifications 
written  so  as  to  make  a  pipe  that 
would  pass,  the  people  who  made  the 
concrete  pipe  went  out  of  business. 

According  to  Mr.  Sims,  Kansas 
City  has  used  thousands  of  feet  of 
cement  pipe.  In  spite  of  the  ad- 
verse report  of  their  committee  on 
public  improvements  who  investi- 
gated the  matter,  the  city  did  en- 
deavor to  use  concrete  pipe.  Now 
the  citizens  whose  property  was 
taxed  to  pay  for  it  have  discovered 
that  it  is  defective  and  have  brought 
suit  to  prevent  the  use  of  their 
money  for  this  payment. 

We  think  that  in  this  discussion 
the  engineers  have  not  spoken  as 
fully  as  their  knowledge  would  per- 
mit, and  that  the  promoters  of  some 
special  machine  for  making  con- 
crete pipe  have,  possibly,  said  more 
than  is  consistent  with  their  knowl- 
edge of  the  subject. 

EDITORIAL  DISCUSSIOM 

Mr.  Tefft's  next  to  last  para- 
graph   might   convey   the   idea   that 
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Kansas  City  having  endeavored  to 
use  concrete  pipe  had  now  given  up 
the  attempt.  And  since  we  assume 
that  Mr.  TefFt's  idea  in  writing  cor- 
rections of  the  statements  by  Mr. 
Sims  is  none  other  than  a  desire  to 
spread  the  truth,  the  whole  truth 
and  nothing  but  the  truth,  we  are 
assisting  Mr.  Tefft  where  he  has  fal- 
len short.  We  are  presenting  let- 
ters from  city  engineers  and  engi- 
neers in  charge  of  sewers  in  those 
places  specifically  mentioned  by  Mr. 
Tefft.  The  engineer  in  charge  of 
this  department  of  public  work  re- 
ceived a  letter  from  Concrete  quot- 
ing what  Mr.  Sims  said  about  con- 
crete sewers  in  the  city  in  question 
and  also  quoting  Mr.  Tefft's  letter  so 
far  as  it  referred  to  the  same  city. 
Concrete  asked  the  engineer  this 
question :  "Will  you  tell  us  the 
truth  of  this  matter,  with  any  side 
lights  on  the  subject  needed  to  form 
a  correct  understanding  of  the  ex- 
perience of  your  city  with  concrete 
sewers.'" 

Mr.  Tefft  quotes  Rudolph  Hering. 
The  Editors  wish  merely  to  mention 
that  this  matter  is  published  in  full 
in  the  Transactions,  Am.  Soc.  C.  E., 
Vol.  67.  June,  I.QIO.  p.  .t72.  This 
discussion  by  !Mr.  Hering  is  of  a 
paper  by  George  Gray  Anderson  on 
"The  Effect  of  Alkali  on  Concrete." 
Attention  is  also  directed  to  state- 
ments by  Mr.  Hering  under  the  title 
"Cement  Sewer  Pipe,"  p.  37,  Bul- 
letin No.  ]C)  of  the  Assn.  of  Am. 
Portland  Cement  Mfrs.,  entitled  The 
Use  of  Cement  in  Sewer  Pipe  and 
Drain  Tile  Construction.  The  en- 
tire bulletin  is  worthy  of  considera- 
tion by  the  searcher  for  truth. 

In  the  paragraphs  from  Mr.  Her- 
ing's  discussion  quoted  by  Mr.  Tefft. 
Mr.  Hering  specifically  refers  to  the 
penetration  of  ''porous  material." 
This  magazine  has  never  recom- 
mended, nor  has  any  intelligent  ad- 
vocate of  the  use  of  concrete  in 
sewer  construction  ever  recommend- 
ed the  use  of  a  "porous  material" 
which  clear  water  would  destroy, 
without  any  of  the  peculiar  agents 
of  sewage. 

Mr.  Tefft,  it  appears,  lacks  recent 
advice  as  to  the  trend  of  engineer- 
ing opinion  in  Milwaukee.  A  letter 
from  George  F.  Stall,  city  engr.  of 
Milwaukee,  in  reference  to  Mr. 
Tefft's  statements,  is  as  follows: 

CITY    OF    IIII,WAtTirF.E.    OFFICE    OF 
CITV   EXGIXEER 

Jan.  21,  1916. 
This  city's  specifications  permit  the 
use  of  V>oth  concrete  and  vitrified  pipe. 
In  my  opinion,  concrete  pipe  made  of 
proper  aggregates  and  by  modern  meth- 
ods will  compare  favorably  with  any 
kind  of  sewer  pipe  and  is  far  superior 
to  concrete  pipe  as  made  up  to  within 
the    last    few    years.      AVe    have    laid    a 
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large  amount  of  concrete  pipe  since  1970 
and  tlie  percentage  of  failures  is  very 
small  and  will  likely  be  practically  elim- 
inated using  the  higher  grade  concrete 
pipe  now  manufactured.  —  (Signed) 
George   F.   Staal,  City  Engr. 

In  reference  to  the  situation  in 
Oshkosh,  Wis.,  mentioned  by  Mr. 
Tefft,  there  is  the  following  from 
the  city  engr.,  G.  H.  Randall: 

CITT    OF    OSHKOSH,    WIS. 

Jan.  20,  1916. 
We  have  over  50  ml.  of  concrete  sew- 
ers in  our  city  and  over  20  mi.  of  vitri- 
fied sewers.  Our  percentage  of  broken 
or  defective  sewers  is  about  as  follows: 
about  2  mi.  of  cement  pipe  has  been  re- 
laid  and  al)out  2  mi.  of  vitrified  pipe 
sewer  is  defective  and  is  being  relaid 
as  it  breaks  down.  Our  concrete  sewers 
that  were  laid  over  25  yrs.  ago  or  prior 
to  1890  are  in  good  shape  yet,  and 
plumbers  say  thej-  are  perfectly  sound 
today.  Some  of  the  concrete  sewers 
manufactured  about  1S93-1-5-6  were 
poorly  made  and  we  stopped  the  com- 
pany from  manufacturing  concrete  pipe 
and  have  put  in  mostly  vitrified  pipe 
until  last  year,  when  we  put  in  consider- 
able concrete  pipe.  Concrete  pipe  prop- 
erly made  is  a  better  pipe  than  vitrified 
for  the  sizes  from  15"  up.  Our  old  con- 
crete pipe  was  made  of  a  mixture  of 
Ensrlish  Portland  and  Milwaukee  cement 
with  sand  and  lake  gravel,  and  as  Eng- 
lish Portland  cost  about  .?3.50  a  bbl.  at 
that  time,  in  1995-1890,  you  may  imagine 
what  happened,  but  in  spite  of  this  the 
.sewers  of  concrete  pipe  in  the  business 
districts  are  still  in  good  condition,  as 
the  acids  have  not  destroyed  the  pipe, 
as  the  clay  workers  claim.  Most  of  our 
vitrified  pipe  sewers  have  been  laid  since 
1899.  At  the  present  prices  of  Portland 
cement,  concrete  sewers  can  he  laid  that 
will  be  almost  everlasting.  With  either 
material  it  is  only  a  question  of  good 
pipe  and  good  pine  can  be  made  with 
cement  or  with  clay. —  (Signed)  G.  H. 
Raxdai.i.,  City  Engr. 

In  reference  to  Chicasfo  comes  a 
letter  from  William  Matthews,  engr.. 
Bur.  of  Sewers : 

city   of    CHICAGO 

DEPT.    OF    PUBLIC    WORKE 

BFREAn    OF   SEWERS 

Jan.  20,  1916. 

In  Chicago  the  sewers  are  of  brick, 
tile  pipe,  plain  concrete  and  a  small 
amount  of  reinforced  concrete.  Xo  ce- 
ment (pipe)  sewers  have  been  built.  It 
is  therefore  impossible  for  this  Bureau 
to  discuss  the  relative  merits  of  tile 
sewer  pipe  and  of  "cement"  sewer  pipe, 
based  on  experience  in  the  city  of  Chi- 
cago. We  have  one  entire  system  of 
plain  concrete  .sewer  (diameters  from 
10'  6"  to  3').  This  system  has  been  in 
service  for  something  over  5  yrs.  and  its 
condition,  so  far  as  is  known,  is  excel- 
lent. 

Of  the  "concrete"  .sewer  exposed  at 
the  site  of  the  Transit  House,  located 
in  the  grounds  of  the  Union  Stock 
Yards  and  Transit  Co.,  I  have  little 
knowledge.  This  sewer  w'as  laid  before 
the  stock  yards  territory  was  annexed 
to  the  city  of  Chicago. — (Signed)  Will- 
iam  Matthews,  Engr. 

The  editors  regret  a  misstatement 
in  Mr.  Sims's  letter  as  to  Brookline. 
Mass.  It  would  seem  almost  obvious 
that  Brooklyn,  N.  Y.,  was  meant. 
The  chf.  engr..  Bur.  of  Sewers, 
Brooklyn.   Edwin  ,1.   Fort,  writes: 


CITY    OF   NEW  YORK 

BOROUGH    OF    BROOKLYN 

BUREAU    OF    SEWEBS 

Jan.  21,  1916. 

I  note  Mr.  Sims's  and  Mr.  Tefft's 
statements  in  regard  to  cement  concrete 
pipe  sewers  in  Brooklyn.  It  is  true  that 
there  are  several  hundred  miles  of  con- 
crete pipe  in  use  in  this  Borough  at  this 
time.  Practically  all  of  this  pipe  was 
made  years  ago  in  accordance  with  meth- 
ods then  in  vogue,  and  judged  by  pres- 
ent standards  would  now  be  classed  as 
of  poor  quality. 

When  I  became  Chf.  Engr.  of  Sewers 
about  10  yrs.  ago  I  objected  to  some  of 
the  features  of  this  pipe;  my  principal 
objection  was  in  regard  to  the  shape  of 
the  ends.  They  were  so  designed  that  it 
was  not  possible  to  make  a  proper  joint. 
It  was  also  too  porous  for  use  in  sani- 
tary sewers  where  ground  water  was 
present  in  any  quantity.  I  therefore 
prepared  specifications  which  it  was  re- 
quired to  meet.  The  manufacturer  of 
this  pipe,  which  had  lieen  used  for  so 
many  years  by  the  city  of  Brooklyn, 
practically  without  any  specifications  at 
all,  felt  outraged  that  an  engineer  should 
presume  to  make  such  requirements  as 
were  made  in  the  specifications.  He  re- 
fused to  go  to  the  expense  of  changing 
his  molds  or  any  of  his  machinery,  with 
the  result  that  no  concrete  pipe  has  been 
used  in  this  Borough  for  several  years. 
'(Signed)  Edwin  J.  Fort,  Chief  Engr. 

Many  statements  have  been  made 
about  the  situation  in  Kansas  City. 
This  letter,  from  H.  F.  Johnson, 
engr.,  sewer  division,  is  illuminat- 
ing: 

BOARD   OF   PUBLIC   WORKS 

KANSAS    CITY,    MO. 

DF.PARTMENT  OF  ENGINEERING 

Jan.  21,  1916. 

Concrete  pipe  has  been  used  here  for 
something  over  three  years  and  ever 
since  its  first  use  there  has  been  a  fight 
waged  against  it  by  the  vitrified  clay  in- 
terests. Roughly  speaking,  I  should  say 
that  there  has  been  about  35  mi.  of  con- 
crete pipe  used  here  and  it  has  proven 
quite  satisfactory.  I  know  of  no  suits 
having  been  brought  by  property  owneis 
to  prevent  payment  for  concrete  pipe 
sewer  construction.  Such  a  suit  has  been 
filed  which  makes  complaint  of  some 
monolithic  concrete  construction.  This 
work  was  done  by  a  contractor  who,  it  is 
claimed,  is  interested  in  the  Concrete 
Pipe  Co.,  operating  there. 

I  made  an  investigation  of  the  sewer 
complained  of  and  could  find  no  serious 
fault  with  its  construction.  My  conclu- 
sion was  that  the  suit  had  been  brought 
for  the  purpose  of  harassing  the  Con- 
crete Pipe  Co.  and,  if  possible,  to  allow 
some  property  owners  to  escape  paying 
their  tax  bills.  The  case  has  not  yet 
come  to  trial. 

.\bout  a  year  ago  an  article  appeared 
in  one  of  the  Kansas  City  newspapers 
which  caused  the  Concrete  Pipe  Co.  to 
bring  suit  against  the  paper  for  libel. 
The  same  attorneys  who  handled  the 
case  for  the  newspaper  were  also  em- 
ployed in  the  other  matter  above  men- 
tioned. The  libel  suit  wjvs  automatically 
dismissed  upon  the  death  of  the  editor 
of  the  paper.  This  gives  you  an  idea 
of  the  situation  here. 

I  might  add  further  that  thr  entrance 
of  concrete  pipe  info  the  field  of  com- 
petition here  has  resulted  in  an  improved 
product  of  vitrified  clay  pipeA  We  test 
a  sample  of  each  200'  of  pipe  laid,  sub- 

"The  italics  are  ours — Editors 
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mitting  both  mntcrinls  to  the  same  hy- 
draulic and  compression  tests.  We  have 
very  few  fnihires  of  sewers  in  either 
material.  A  few  partial  failures  in  pipe 
culverts  have  oocurrcd,  liut  I  think  these 
were,  at  least,  jjartly  due  to  improper 
laying. — (Sijrned)  H.  F.  .ToiissoN,  Engr. 
— Sewer  Division. 


Orga  n  iza  tions 


American  Concrete  Institute,  John  M. 
Goodell,  Acting  Secretary,  ltI8  Walnut 
St.,  Philadelphia,  Pa.  Convention,  Chi- 
cago, Feb.  14-17. 

American  Concrete  Pipe  .Vssociation, 
Secretary,  K.  S.  Hanson,  538  S.  Clark 
St.,  Chicago.  Convention,  Chicago,  Feb. 
17-18. 

American  Highway  Association.  Chas. 
P.  Light,  Field  Secretary;  Colorado 
Bldg.,  Washington,  D.  C. 

American  Road  Builders'  Association, 
Secretary,  F.  I,.  Powers,  150  Nassau  St., 
N.  Y.  C.  Convention,  Pittsburgh,  Feb. 
28-Mar.  3. 

Association  of  American  Portland  Ce- 
ment Manufacturers  (Portland  Cement 
A.sscK-iation),  J.  P.  Beck,  Oen.  Mpr., 
Bellevue  Court  Building,  Philadelphia, 
Pa. 


Cement  Products  Exhibition  Co..  208 
S.  I-aSalle  .St.,  Chicago.  111.;  Robt.  F. 
Hall,  Secy.,  Chicago  Cement  .Show,  Coli- 
seum and  First  Infantry  Armory,  Feb. 
12-19,  1916. 

•Mid  West  Cement  Users'  .Vssociation, 
Secy.-Treas.,  Frank  Whipperman,  Oma- 
ha, Neb.  Convention,  Omaha,  Mar.  1-1, 
and  Mid-West  Cement  Show,  Feb.  29- 
Mar.  4,  1916. 

Second  National  Conference  on  Con- 
crete Road  Building,  J.  P.  Beck,  Secy., 
208  S.  LaSalle  St.,  Chicago.  Chicago, 
Feb.  15-18,  1916. 


American  Concrete  Institute 

In  connection  with  the  announce- 
ment of  a  proyisional  program  for 
the  12th  annual  convention  of  the 
Am.  Concrete  Inst.,  to  be  held  at 
the  Auditorium  Hotel,  Chicago,  Feb. 
14  to  17.  the  directors  have  prepared 
the  program  in  such  a  way  as  to  giye 
the  greatest  possible  freedom  to 
members  wishing  to  make  a  study  of 
the  exhibits  in  the  Cement  Show  at 
the  First  Infantry  Armory  and  Coli- 
seum, and  to  attend  the  sessions  of 
the  second  national  conference  on 
Concrete  Road  Building,  which  will 
meet  at  the  Auditorium  Hotel  on 
Feb.  15  to  18,  1916:  the  meetings 
of  the  Assn.  of  Municipal  Bldg.  In- 
spectors at  the  same  place,  probably 
Feb.  14  and  15:  and  the  meetings  of 
the  Am.  Concrete  Pipe  Assn.  about 
the  same  date. 

President  Wason  has  the  further 
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announcement  in  relation  to  the 
work  of  the  Institute: 

The  directors  of  the  Am.  Concrete 
Inst,  have  prepared  a  program  for  the 
convention  in  Chicago  Feb.  H  to  17,  in- 
clusive, which  is  expected  to  be  very 
fruitfid  in  important  practical  results. 
It  is  hardly  necessary  to  say  that,  in 
spite  of  the  long  labors  of  the  Joint 
Committee,  the  design  of  reinforced 
concrete  buildings  is  not  yet  adequately 
standardized  to  secure  .safe  structures  at 
minimum  costs.  Our  municipal  building 
codes  prevent  this,  to  a  considerable  de- 
gree. .So  the  ."Yssn.  of  Municipal  Bldg. 
Inspectors  will  meet  with  the  Institute 
and  discuss  the  wide  discrepancy  be- 
tween the  results  of  reliable  tests  of 
full-size  columns  and  the  requirements 
of  city  regulations,  and  aI.so  the  differ- 
ences among  different  regulations.  The 
results  of  recent  tests  bv  the  Institute's 
Committee  on  Reinforced  Concrete  throw 
a  searching  and  clarifying  light  on  this 
confused  situation,  which  should  be  pro- 
ductive of  highly  desirable  betterments 
in  conditions.  The  program  has  also 
been  devised  to  bring  about  a  discussion 
of  the  .status  of  flat-slab  design,  so  as 
to  help  remove  this  source  of  present 
conflict. 

The  construction  of  concrete  roads  in 
1915  has  been  widespread  and  active. 
This  was  due  in  no  small  degree  to  the 
fact  that  the  Institute's  revised  standard 
specification  for  hisrhwavs  and  pave- 
ments put  construction  of  this  type  on 
the  same  standardized  basis  as  its  older 
competitors.  Its  advocates  did  not  have 
to  introduce  a  comnletc  novelty.  The 
results  of  the  use  of  these  specifications 
and  the  desirability  of  making  changes 
in  them  will  be  one  of  the  leading  fea- 
tures of  the  convention. 

The  committee  work  of  the  Institute 
has  been  comprehensive  and  very  suc- 
cessful heretofore,  hut  a  great  deal  re- 
mains to  be  done  in  municipal  lines. 
One  session  of  the  convention  will  be 
devoted  wholly  to  such  topics  and  will 
lead,  it  is  expected,  to  the  ortranizatinn 
of  a  number  of  much  needed  commit- 
tees. 

The  .sessions  of  the  Institute's  conven- 
tion will  be  open  to  tlie  public  and  every- 
body interested  in  widening  the  use  of 
concrete  and  improving  the  methods  of 
construction  will  be  welcome.  The  In- 
stitute desires  to  help  all  such  persons 
and  to  be  aided  in  its  work  by  them. 

THE  pnoGR.\M 

Mondaii  Mornina.  Feh.  H — Openlnjr  re- 
marks of  the  President.  T.eonard  C.  Wason, 
Pres.  of  t!ie  .Aberthaw  Const.  Co..  Boston ; 
"Concrete  on  the  Nfassaohusetts  State  Farm." 
Arthur  J.  Maynard.  Supt.  of  Const.,  and 
Benjamin  Baker;  "Relinine  the  Winston 
Tunnel.  Chicago  Great  Western  Railroad." 
Harold  P.  Brown.  Consult.  Engr..  120  Liberty 
St..  N.  Y.  C:  "Swimmine  Pools."  Edw.  D. 
Boyer.  Cement  Expert,  .\tlas  Portland  Ce- 
ment Co.,  N.  Y.  C. :  "Durability  of  Concrete 
Pipe."  .r.  H.  Libberton.  .Asst.  Engr..  Univ. 
Portland  Cement  Co..  Chicago:  "Novel  Fea- 
tures of  Concrete  Work  on  the  New  York 
Subway,"  Robert  Ridg\vay.  Engr.  of  Subway 
Const.,  and  Ralph  E.  Goodwin.  Jun.  Engr.. 
Public  .Service  Comm..  N.  Y.  C. ;  Report  of 
Committee  on  Nomenclature.  Cbmn.,  Frank 
C.  Wight,  Mng.  Editor.  Engineering  News, 
N.  Y.  C. 

Monday  Evening.  Feb.  H — "Cost  Ac- 
counting on  Concrete  Work."  Sanford  E. 
Thompson.  Newton  Highlands.  M.nss. ;  "Op- 
eration of  the  New  York  Workmen's  Com- 
pensation Law  to  Date."  Wm.  C.  Archer, 
Dep.  Comnir.  in  Chg.  of  Bur.  of  Workmen's 
Compensation,  State  Industrial  Comm.,  N. 
Y.  C. ;  "An  Interpretation  of  the  New  Stan- 
dard Contract  Documents."  H.  I,.  Lewman, 
Pres.  Natl.  Assn.  of  Builders'  Exchanges. 
Louisville,  Ky. ;  Report  of  Committee  on  In- 
surance. Chmn.,  J.  P.  H.  Perry,  Contract 
Mgr..  Turner  Const.  Co.,  N.  Y.  C:  Report  of 
Committee    on    Building    Block    and    Cement 


Tuesdny  Morning,  Feb.  M— Report  of 
Committee  on  Reinforced  Concrete  and  Build- 
ing Laws,  Chmn..  E.  .].  Moore.  Chf.  Engr., 
Turner  Const.  Co.,  N.  Y.  C. :  "Requirements 
of  Huilding  Codes  for  Columns."  P.  P.  Fur- 
ber.  Resident  Engr.  with  C.  A.  P.  Turner, 
Chicago ;  "Design  of  Conrrete  Buildings."  W. 
P.  Anderson,  Pres.,  Ferroconcrete  Const. 
Co.,  Cincinnati;  "Construction  of  Flat-Slab 
Floors."  The  details  of  this  paper  arc  in 
tlie  tiands  of  a  special  committee,  which  will 
announce  the  author  later. 

Tuesday  Everting,  Feb.  15 — "Genesis  of 
Reinforced  Concrete  Construction,"  Prof. 
W.  K.  Hatt.  Purdue  University,  Lafayette. 
Ind.;  "A  Furtticr  Discussion  of  the  Steel 
Stresse-s  in  FlatSl.ib  Floors,"  Prof.  H.  T. 
Eddy.  «1«  S.  E.  Sixth  St.,  Minneapolis,  Minn.; 
"Design  of  Foundations  for  Reinforced  Con- 
crete Buildings,"  Robert  W.  Boyd,  Consult. 
Engr..  103  W.  40th  St.,  N.  Y.  C;  Report  of 
Committee  on  Fircproollng,  Chmn.,  Major 
John  S.  Sewell,  Gantt's  Quarry,  .\la.;  Report 
of  Committee  on  Treatment  of  Concrete  .Sur- 
faces, Chmn.,  Cloyd  M.  Chapman,  Engr.  of 
Tests,  Westinghouse,  Church,  Kerr  &  Co.,  N. 
Y.  C. 

Wednesday  Morning,  Feb.  IB  —  "Tests 
Showing  Continued  Deformation  under  Con- 
stant   Load."    Prof.    A.    H.    Fuller    and    Prof. 

C.  C.  More.  University  of  W.ashington.  Seat- 
tle: "Influence  of  Temperature  on  the 
Strength  of  Concrete,"  Prof.  A.  B.  McDaniel. 
University  of  Illinois.  Urbana.  III.;  "Tests  of 
Reinforced  Concrete,"  Biirtis  S.  Brown. 
Consnlt.  Engr.,  Boston;  Report  of  Committee 
on  Reinforced  Concrete  Highway  Bridges  and 
Culverts.  Chmn..  C.  B.  MiCullough.  Designing 
Engr.,  Iowa  Highway  Conmi..  Ames;  Report 
of  Committee  on  Sidewalks  and  Floors. 
Chmn..  Lewis  R.  Ferguson.  Engr.,  The  Ce- 
ment .\ssn..  Philadelphia;  Business  Affairs  of 
.\t.  Concrete   Inst. 

Wednesday  Afternoon,  Feb.  10  —  "Diffi- 
cult Foundation  Work  on  the  Bay  of 
Fundy."  N.  M.  Looney,  Chf.  Engr.,  .\mcrican 
Can  Co.,  N.  Y.  C:  "Forms  for  Concrete 
Work."  R.  A.  Sherwin.  Resilient  Engr.,  Aber- 
thaw  Con.st.  Co.,  New  Haven.  Conn.:  "Con- 
crete Viaducts,"  Frank  L.  R.aschig,  Principal 
.\sst.  Engr..  Division  of  Structures.  Dept.  of 
Public  Service.  Cincinnati:  "Construction  of 
the  Large  Concrete  Viaducts  on  the  I,acka- 
wanna  R.  R.."  C.  W.  Simpson.  Resident 
Engr..  Liickawanna  R.  R..  Columbia.  .V.  J.; 
"Tests  of  Large  Concrete  Slabs  by  U.  S.  Of- 
Hcc  of  Public  Ro.ids  and  Rural  Engineering," 
Earl  B.  Smith.  Assoc.  Meeh.  Engr..  Office  of 
Public  Roads.  Washington ;  Report  of  Com- 
mittee on  Reinforced  Concrete  Chimneys. 
Chmn..  Harrison  W.  Latta,  Engr.,  The  Ce- 
ment  ."Vssn.,   Philadelphia. 

Wednesday  Evening.  Feb.  16 — Report  of 
Committe  on  Concrete  Roads  and  Pave- 
ments,   Chmn.,    A.    N.    Johnson.    Wa.shington, 

D.  C;  "Concrete  Foundations  for  Pavements 
for  Heavj'  Travel."  Clifford  Richardson, 
Consnlt.  Engr.,  N.  Y.  C:  "Essential  Features 
for  the  Successful  Construction  of  Concrete 
Highways,"  William  M.  Acheson,  Division 
Engr.,  State  Highway  Dept.,  Syracuse.  N.  Y.; 
"The  Construction  of  the  Ea-ston-Allentown 
Concrete  Road."  John  T.  Gephart.  Jr..  Di- 
vision Engr.,  State  Highwa\-  Comm.,  Allen- 
town.  Pa.;  "The  Construction  of  the  To- 
ronto-Hamilton Highway  by  Day  Labor."  H. 
S.  Van  Acoyoc.  Chf.  Engr..  Toronto.  Ont: 
"The  Construction  of  the  Dn  Pont  Concrete 
Boulevard,"  Charles  Upham,  Chf.  Engr., 
Georgetown.  Del.:  "Special  Features  in  Pave- 
ment." R.  C.  Stubbs,  President  R.  C.  Stubbs 
Co.,   Dall.as,  Tex. 

Thursday  Morning.  Feb.  i7— Report  of 
of  Committee  on  Concrete  .Aggregates,  Chmn.. 
Sanford  E.  Thompson,  Newton  Highlands. 
Mass.:  "Tests  of  Concrete  M.aterials  at  Cin- 
cinnati," Prof.  G.  M.  Braune.  University  of 
Cincinnati;  "The  Chemistry  of  Portland  Ce- 
ment." George  A.  Rankin.  Geophysical  Labo- 
rator>-.  Carnegie  Institute.  Washington;  "How 
Shall  a  Rational  Specification  for  Gravel  Con- 
crete be  Developed."  C.  C.  Brown.  Editor, 
Munieipal  Engineering,  Indianapolis.  Ind.: 
"Tests  of  Sands  at  the  Structural  Materials 
Research  Laboratory."  Duff  A.  ."ibram.  In- 
structor in  Charge  of  Laboratory,  Lewis 
Institute,   Chicago. 

Thursday  Afternoon.  Feb.  n  —  "The 
Design  of  Plain  and  Reinforced  Concrete 
Sewers."  W.  W.  Horner.  Engr.  in  Charge  of 
Design  of  Sewerage  and  Paving.  St.  Louis, 
Mo.;  "The  Fall  River  Concrete  Conduits," 
Frederic  H.  Fay,  Consult.  Engr.,  Boston, 
Mass.:  "Concrete  Construction  at  the  Kensico 
Dam,"  Wilson  Fitch  Smith.  Division  Engr., 
Board  of  Water  Supply,  Valhalla,  N.  Y.; 
"Reconstruction  of  the  Austin  Dam,"  L.amar 
Lyndon,  Consult.  Engr.,  N.  Y.  C.  and  Frank 
S.  Taylor.  Const.  Engr.,  Austin,  Tex.:  "Mid- 
dleboro  Water  Tower,"  George  Sampson, 
Consult.  Engr.,  Boston. 
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Am.  Concrete  Pipe 
Assn.  Convention 

The  convention  of  the  Am.  Con- 
crete Pipe  Assn.,  Auditorium  Hotel, 
Chicago,  Feb.  17  and  18,  will  have 
this   program: 

Tlmrs.,  Feb.  17,  2:00  p.  in.— Regis- 
tration ;  Opening  of  the  Convention  by 
the  President,  B.  Blair,  Woodstocli,  Ont.; 
Appointment  of  Committees;  "Should 
Manufacturers  Contract  for  Laying  Their 
Pipe?",  C.  M.  Wood,  Chicago"  Portland 
Cement  Co.;  "My  Experiences  in  Start- 
ing a  Plant,"  R.  F.  Whale,  Waupaca, 
Wis.;  "Possibilities  for  the  Use  of  Con- 
crete Tile  in  the  Mississippi  A'alley,"  C. 
H.  Young,  Pres.,  Central  States  Engrg. 
Co.,  Muscatine.  la.;  "Some  Experiences 
in  Promoting  the  Sale  of  Concrete  Pipe," 
Will  .\.  Curless,  Mgr.,  Thomas-Hammond 
Machy.  Co.,  Tacoma,  Wn.  At  6:30  p.  m., 
annual  dinner  at  Auditorium  Hotel;  ad- 
dress by  Hon.  A.  O.  Eberhart,  former 
Governor  of  Minnesota.  There  will  also 
be  informal  talks  by  others. 

Fri..  Feb.  18,  9:00  a.  m. — "Advan- 
tages of  Big  Tile  Over  the  Open  Ditch," 
G.  E.  Warren,  Universal  Portland  Ce- 
ment Co.;  "Developing  the  Use  of  Con- 
crete Tile  in  Arid  Districts,"  Lewis  R. 
Perguson,  Asst.  Secy.,  Assn.  of  Am. 
Portland  Cement  Mfrs.;  "Recent  Work 
of  Committee  C-6  of  the  American  So- 
cietv  for  Testing  Materials,"  Geo.  P. 
Dieck-mann,  Chf.  Chem.,  \.  W.  States 
Portland  Cement  Co.;  "Concrete  Pipe 
Sewer  Work  in  Salt  Lake  City,"  N.  L. 
Morris,  Mgr.,  LUah  Concrete  Pipe  Co.; 
Report  of  Reorganization  Committee. 
2:00  p.  m. — "Meeting  Objections  to  Con- 
crete Tile,"  F.  S.  Phipps,  Chicago;  "Re- 
inforced Concrete  Pipe,"  L.  M.  Stallard, 
St.  Joseph,  Mo.;  "The  Selling  End,"  L. 
W.  Pierson,  Cement  Products  Co.,  Spen- 
cer, La. ;  Business  Session. 


New  Books 


Mid-West  Cement 
Users'  Assn. 

The  annual  convention  of  the 
Mid-West  Cement  Users  Assn.  will 
be  held  at  Hotel  Rome,  Omaha,  Mar. 
1,  2  and  3,  1.Q16.  Some  of  the 
papers  that  will  be  presented  are: 

Wednesday,  Mar.  1  —  "Efficient 
Methods  in  the  ^Manufacture  and 
Cost  of  Cement  Products;"  "Con- 
crete Construction  Among  the  In- 
dians," by  Simon  Redbird,  super- 
visor of  construction  at  the  U.  S. 
Indian  school,  Genoa,  Neb. 

Thursday,  Mar.  2  —  "Permanent 
Farm  Building  Construction;"  "Fire 
Insurance  and  Other  Economies  of 
Fireproof  Houses."  by  F.  L.  Will- 
iam.son,  sales  mgr.  of  the  Dewey 
Portland  Cement  Co.,  Kansas  City, 
Mo. ;  "Concrete  Culverts  and  Bridges 
for  Public  Highways,"  by  A.  P. 
Young,  Nebraska  City,   Neb. 

Friday,  Mar.  S — "Paving  the  Lin- 
coln Highway,"  by  J.  B.  Marcellus, 
Kansas  City,  Mo.,  engr.,  Assn.  of 
Am.  Portland  Cement  Mfrs.;  ''The 
A.  B.  C.'s  of  reinforced  Concrete 
Construction,"  by  W.  A.  Collings, 
Kansas  City,  Mo.,  C.  E. 
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Concrete  Silos — By   E.    S.   Hanson, 
cloth,    5"    X    8",    174.    pp.,    illust. 
The   Cement  Era   Pub.  Co.,   Chi- 
cago.    $L00,  prepaid. 
This   book  has    been    prepared    in 
response  to  a  very  definite  need  for 
a  book  which  should  present  in  con- 
densed   form,    to    the    practical    silo 
constructor,  the  knowledge  available 
on  concrete  silos. 

This  book  is  frankly  commercial ; 
it  recognizes  that  silo  building  is  a 
business  requiring  the  best  of  com- 
mercial equipment  in  order  to  be 
successful  and  profitable.  The  book 
does  not,  therefore,  describe  the 
construction  of  home-made  appa- 
ratus nor  does  it  cater  to  the  farmer 
or  to  the  tinkerer ;  it  aims  rather  to 
put  into  the  hands  of  contractors 
technical  construction  data  and  a 
concise  but  comprehensive  statement 
of  the  value  of  silage  and  its  proper 
use.  The  section  on  silage  feeding 
is  valuable,  as  it  gives  the  contrac- 
tor, in  condensed  form,  material 
%vhich  will  enable  him  to  talk  intelli- 
gently with  prospects  from  their 
own  viewpoint. 

The  requirements  of  a  perfect  silo 
are  briefly  discussed  in  a  way  that 
will  provide  valuable  selling  argu- 
ments. A  series  of  letters  from 
Agricultural  Experiment  Station  ex- 
perts is  given  in  this  section. 

The  construction  data  are  special- 
ized and  include  detailed  studies  of 
various  types  of  reinforcement  re- 
quired for  all  sizes  of  silos.  Tables 
and  diagrams  make  this  subject 
clear  to  the  reader. 

Considerable  space  is  devoted  to 
a  discussion  of  available  commercial 
equipment  for  building  monolithic, 
block  and  stave  silos.  The  brief  de- 
scription of  each  piece  of  equipment 
places  emphasis  on  the  points  where- 
in it  differs  from  other  devices  in- 
tended to  accomplish  similar  results. 
The  construction  of  the  metal  lath 
and  plaster  silo  receives  detailed 
treatment  and  some  space  is  given 
to  commercial  silo  accessories.  One 
of  the  most  valuable  chapters  is  that 
dealing  with  selling  methods,  which 
gives  information  as  to  how  busi- 
ness-bringing attention  can  be  se- 
cured. 

A  .50-pp.  catalog  section  is  ap- 
pended which  is  valuable  for  refer- 
ence on  modern  silo  equipment. 


Economics  of  Contracting,  Vol.  II — 
By   D.   J.    Hauer,   cloth,    5I/2"   x 


8I/2",  334.  pp.,  illust,  pub.  E.  H., 
Baumgartner,  Rand  M  c  N  a  11  y 
Bldg.,  Chicago,  $2.50. 

To  those  who  have  read  Vol.  I  of 
this  work,  the  value  of  this  book  will 
be  appreciated  without  introduction. 

Volume  II  enlarges  upon  many 
subjects  which  were  only  briefly 
treated  in  the  first  book  and  adds 
many  new  subjects  of  vital  interest 
to  the  contractor  who  would  make  a 
success  of  his  profession. 

The  first  two  chapters  deal  with 
estimating  methods,  with  the  making 
of  contracts  and  dealing  with  sub- 
contractors and  bondsmen. 

Chapter  three  discusses  the  finan- 
cial standing  needed,  and  appreci- 
ates that  in  order  to  obtain  profit- 
able work  it  is  often  desirable  that 
the  engineer  and  the  contractor  pro- 
mote the  enterprise.  The  promotion 
of  industrial  and  engineering  pro- 
jects naturally  leads  to  the  financial 
relations  necessary ;  and  to  buying 
methods,  making  the  best  use  of  cap- 
ital, which  are  discussed  in  a  most 
instructive  way. 

Chapter  four  deals  with  the  legal 
precautions  and  relations  necessary 
to  safe  conduct  of  the  business.  The 
difficult  subject  of  planning  construc- 
tion jobs,  including  plant  layout  and 
discussing  several  typical  jobs,  is 
handled  in  a  way  that  makes  it  of 
especial  interest. 

Chapter  six  devotes  60  pp.  to  the 
handling  and  training  of  men.  It 
is  evident  that  the  author  is  master 
of  his  subject  throughout  the  book, 
but  his  treatment  of  this  chapter  is 
exceptionally  good ;  it  discusses  the 
different  classes  of  labor,  labor  or- 
ganizations' training  of  bosses  and 
workmen,  and  does  not  hesitate  to 
criticize  severely  abuses  that  have 
too  often  allowed  the  exploitation  of 
men.  The  arrangement  and  conduct 
of  construction  camps  and  commis- 
sary are  ably  treated. 

The  discussion  of  the  liquor  evil 
as  a  foe  to  both  employer  and  work- 
men and  ways  in  which  the  "float- 
er" and  the  "bum"  can  in  many 
cases  be  handled  so  as  to  become 
valuable  workers  is  of  particular 
value  to  contractors  doing  work  in 
remote  sections  where  labor  is  unre- 
liable and  scarce. 

Four  chapters  treat  of  office  or- 
ganization, filing  systems,  the  or- 
ganization and  conduct  of  a  construc- 
tion company,  specialization  in  vari- 
ous lines  of  contracting,  contractors' 
organizations  and  the  contractors'  re- 
lation to  the  public,  to  the  engineer, 
to  officials,  to  merchants  and  manu- 
facturers and  other  subjects, 
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Monolithic  Concrete  Culverts 

at  IjOW  Cost  in  New  York 

State 

The  value  of  tlie  concrete  culvert 
as  compared  with  other  tj'pes  in 
common  use  is  unquestioned  hut  the 
fact  remains  that  concrete  sliould  be 
more  universally  used  for  this  pur- 
pose. Ignorance  of  local  highway 
officials  as  to  economical  construc- 
tion methods  is  largely  responsible 
for  the  use  of  less  efficient  mate- 
rials. 

Aside  from  the  fact  that  certain 
forms  of  pipe  often  used  are  not 
durable,  the  pipe  culvert  seldom  has 
sufficient  area  properly  to  take  care 
of  heavy  rainfalls.  Too  small  size 
often  results  in  clogging  and  in 
washouts. 

While  in  the  hands  of  the  efficient 
highway  superintendent  monolithic 
culverts  can  often  be  installed  at 
moderate  cost,  with  wood  forms 
factory-made  equipment  has  shown 
some  remarkable  economies. 

Using  commercial  forms'  remark- 
able savings  have  been  effected  in 
the  state  of  New  York,  as  shown  by 
the  town  reports  which  are  repro- 
duced. 

It  will  be  noted  that  a  12-in.  cast 
iron  jiipe  culvert  cost,  according  to 
the  Chofel  report,  $26.00  without 
head  walls.  These  undoubtedly 
brought  the  cost  to  .$10.00.  In  the 
Hayes  report  mention  is  made  of  a 
concrete  culvert,   2i"   x   28"   x   24', 

•The  Whalen  Form  Co.,  Syracuse,  N.  Y. 


with  head  walls,  which  cost  $20.84 
with  head  walls,  using  steel  forms. 
Sec  the  illustration. 


One-Picce  aiul  Txco-Piece 
Block  Wall 

Under  the  heading  "Chicago  Con- 
crete Block  House  of  Good  Appear- 
ance," there  was  a  sketch'  (I""ig.  1) 
purporting  to  show  "two-piece  and 
one-piece  block  construction,"-  and 
the  illustration   was  so  absurd  in  its 


Detail  Showixo  Two-Piece  axd  Oxe- 
PiECE   Block  Cosstbuction 

errors  that  they  have  undoubtedly 
been  obvious.  The  draftsman  con- 
fused one-piece  and  two-piece  work 
and  the  editor  permitted  the  error 
to  pass.  The  accompanying  illus- 
tration is  what  should  have  been 
shown  before. 


Man.,  1916,  issue,  p.  20 

'Hydro-Stone,  Barron  &  Harridge,  Chicago 


Operations   in  JNIaking  Wet- 
Cast  Block  to  be  Demon- 
strated at  Cement  Show 

Further  interesting  evidence  of 
the  fact  that  the  extensive  exhibits 
of  machinery  at  the  Chicago  Cement 
Show  this  year  are  to  be  supple- 
mented by  demonstrations  in  mak- 
ing actual  concrete  products,  is  con- 
tained in  the  announcement  that 
there  will  be  one  space  which  on  a 
small  scale  will  show  the  actual  op- 
eration of  a  system'  of  wet  cast 
concrete  blocks  manufacture.  Visit- 
ors at  the  show  are  familiar  with  the 
use  of  damp  molding  sand  in  various 
machines  for  making  concrete  prod- 
ucts. The  actual  use  of  a  concrete 
mixture  will  be  more  of  a  novelty. 
A  mold  car  for  making  30  wet-cast 
block  will  be  used  and  this  will  be 
jioured  at  a  certain  hour  every  day. 
Tlicre  will  also  be  a  demonstration 
of  just  how  facing  aggregate  is  ap- 
plied to  face  plates.  On  following 
days  these  block  will  be  removed 
from  the  molds.  Arrangements  have 
been  made  for  the  removal  and  use 
by  a  Chicago  customer  of  the  block 
manufactured. 


RePOKT   of   CfLVEBT   CONSTRUCTION    FOB  THE   YeaR   ENDING   OCT.   81,    1914,   ToWN    OF   CaLEOONIA, 

County  of  Livingston,  N.  Y. 

COST 


The  old  aqueduct  built  by  the 
padres  of  the  Ventura  Mission  in 
California  is  under  investigation  at 
the  present  time  to  determine  wheth- 
er or  not  the  work  that  the  old  fath- 
ers did  was  or  was  not  concrete.  If 
it  is  decided  that  it  is  concrete,  the 
experts  who  are  doing  the  work 
claim  that  "it  will  be  a  compara- 
tively easy  matter  to  establish  the 
fact  that  it  is  the  oldest  piece  of 
concrete  work  in  the  U.  S." 
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Cost  per  ft.,  86  cts. 
Cost  per  ft..  $1.08. 
times  the  capacity  of  cast  iron   for  22  cts.   less  per  ft. 

(Signed)   T.  C.  Hayes.  Town  Supt. 
Report  of  Culvert  Construction  for  the  Year  Ending  Oct.  31.  1914,  Town  of  .\von-. 


Average  area  concrete,  462.77  sq 
Average  area  cast  iron,  I  I.S.I  sq 
Concrete  culvert  has  fo 


County  of  Livingston,  N.  Y. 


Kind      Length 


Iron 


Hi' 
111' 
20' 


Caste 
Span  Height 
10"  10" 


COST 
•  Wrought 


I.ittleville  "  20'  12;'  12'| 

McKinney*3  "  2^'  12"  12'^' 

.Tohnson  "  24'  12"  12" 

Wheeler  "  24'  12"  12" 

Thompson  &  Beckwith  "  ?0'  12"  12" 

Littleville  &  Lights  "  24'  12"  12" 

Pe.ise  "  24'  10"  10" 

Ward  &  I.evine  "  24'  12"  12" 

North   Avon  "  26'  24"  24" 

Gravel  Hill  "  20-  12"  1?" 

I.ittleville  &•  Lights  "  32'  12"  12" 

Avernge  cost  per  culvert.  $36.33. 
Average  cost  per  ft..  $1.60. 

Total  area  of  ooening  of  culverts.  1,740.47  sq.  in. 

Average  area  of  opening  of  culverts,  133.95  sq. 


Iron 

$14.40 
17.50 
22.00 
21.60 
26.40 
26.40 
22.00 
26.40 
21.60 
26.40 
71.50 
22,00 
35.20 


4.00 
4.00 
4.00 
4.00 
10.00 
•  6.00 
6.00 
8.00 
8.00 
26.00 
6.00 
6.00 


23.00 


Labor  Incidentals    Total 
$   4.00         $2.00  $20.40 

1.50 

1.50 

1.50 

1.50 

1.50 

1,50 

1  50 

2.00 


l.flO 


29.50 
83.90 
31.60 
36.40 
100.50 
29.50 
43.20 


(Sisnedl    Hervy  M.   Chofei..    Town    Snot. 


The  much  discussed  concrete  rail- 
road tie  again  comes  to  the  surface 
in  the  incorporation  of  a  three  mil- 
lion dollar  company  at  Baltimore, 
Md.,  to  manufacture,  sell  and  deal 
in  reinforced  concrete  cross-ties. 
The  name  of  the  company  is  the 
Maryland  Metal  Cross-tie  Co.  and 
its  success  will  mean  a  great  new 
field  for  concrete. 


.    Pipe  and  Coxchete 


»Zagelmeyer  Cast  Stone  Block   Machy.  Co., 
Bay  City,  .Mich. 
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New  Equipment,   Methods  and  Materials : 

New  Tools  with  Which  the  Industry  Works  n  a 

This  magazine  will  not  publish  "reading  notices"  so-called,  for  the  benefit  of  advertiseri. 
These  pages  are  edited  for  the  Reader,  as  are  all  other  pages  in  "Concrete."  Manufacturer* 
are  constantly  producing  new  and  better  methods  and  developing  old  methods,  materials  and 
machines.  The  progress  of  the  concrete  field  is  measured  by  the  development  of  its  tools.  AU 
developments  along  these  lines  are  of  real  interest  and  importance  to  men  who  want  to  im- 
prove the  quality  of  their  work,  decrease  its  cost,  increase  its  quantity.  This  department  i$ 
for  just  that  kind  of  Editorial  material.  We,  therefore,  welcome  detailed  announcement* 
which  will  be  of  practical  value  to  Readers.  Under  no  circumstances  will  this  magazine  pub- 
lish any  announcement  simply  because  an  advertiser  asks  it,  nor  refuse  publication  because  a 
non-advertiser  asks  it.  Material  must  carry  information  of  real  consequence  to  the  reader.  All 
material  will  be  edited  on  that  basis  regardless  of  the  source  from  which  it  comes. — Ths 
Editors. 


The  LiGHTXixG   Unloader 

A  Car  Unloader  tcith  Xezc 
Features 

The  unloading  of  bulk  materials 
from  cars  as  often  conducted  wastes 
time.  This  is  particularly  true 
where  motor  vehicles  are  used,  as  the 
time  taken  to  load  them  by  shovelers 
seriously  reduces  their  hauling  capa- 
city. 

The  Lightning  unloader^  was  de- 
signed to  eliminate  this  waste  of 
time. 

The  device  consists,  as  shown  by 
the  illustration,  of  a  steel  tilting 
hopper  hung  to  outriggers  which 
hook  over  the  side  of  the  car. 

The  hopper  is  filled  by  shovelers 
and  as   soon   as   the  truck   is   driven 


under  it  is  instantly  tilted,  discharg- 
ing up  to  its  capacity  of  ll/o  yds. 

A  number  of  details  are  worthy 
of  mention.  The  inside  edge  is 
curved  up.  which  enables  a  full  load 
to  be  retained.  The  hopper  is 
mounted  on  cast  steel  trunnions, 
which  are  riveted  to  the  body — a 
most  substantial  construction.  The 
hopper  is  hung  in  slots  so  that  it 
can  be  detached  by  simply  lifting  it 
off  the  supports.  The  outriggers  are 
readily  taken  apart.  The  whole  out- 
fit can  be  carried  bv  two  men. 


A  Simple  Concrete  Insert 

A  device  called  the  Unique  Con- 
crete Insert'  has  recently  been 
placed  on  the  market  and  is  being 
specified  in  very  large  quantities  be- 
cause of  its  simplicity  and  conse- 
quent low  cost.  This  device  is  in- 
tended for  use  where  it  is  not  neces- 
sary to  secure  adjustment  and,  as  is 
well  shown  by  the  illustration,  con- 
sists of  a  single  casting  arranged  to 

^Medina  Machine  Co.,   Medina,  Ohio 


'Heltzel   Steel   Form 
ren,  Ohio 


and    Boiler  Co.,    Wa 


be  set  on  the  forms  and  held  in  place 
by  small  nails  through  holes  in  its 
base.  The  shape  of  the  insert  in- 
sures  a   very  firm  anchorage. 

The  bolt  hole  is  cored  with  a  re- 
cess at  the  bottom  and  is  tapped  reg- 
ularly for  a  %-in.  bolt,  the  recess 
allowing  a  full-sized  thread  the  en- 
tire depth  of  the  bolt  hole.  The 
simplicity  of  this  insert  allows  it  to 
be  used  very  freely  and  makes  pro- 
vision    for    all    changes    likely    to 


The  UxiauE  Concrete  Insert 


Efficiency  Spacing   Bar,   Showing 
Method  of  Securing  Rod 

Spacing  Bar  Insures  Exact 
Placing  of  Reinforcement 

The  importance  of  accurate  plac- 
ing of  the  reinforcing  is  realized  by 
every  engineer  and  any  device  that 
will  secure  accuracy  should  be  care- 
fully considered. 

A  spacing  bar'^  recently  placed  on 
the  market  consists  of  a  light  steel 
channel  having  tongues  punched  out 

'Electric  Welding  Co.,  Pittsburgh 
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of  tlie  web  at  specified  spacing.  A 
suitable  cliair  is  provided  in  connec- 
tion with  the  spacing  bar  and  it  is 
only  necessary  to  lay  down  spacers 
at  convenient  intervals  and  place  the 
rods,  when  a  tap  of  tlie  lianinier  se- 
cures them  accurately  in  position. 
Considerable  time  is  saved  in  placing 
the  reinforcing,  which  probably 
about  offsets  the  cost  of  the  material. 


^^ 


Five-foot  Roadster  Concrete 
Mirer  Valuable  on 
Countrii  Roads 

Experience  is  constantly  pointing 
the  way  toward  improvements  in 
equipment  for  the  concrete  contrac- 
tor. An  interesting  development  is 
the  so-called  Roadster  mi.\er,'  which 
has    been    designed    with    a    special 


I.AXSINO   Xo.  5   HoADsreR 


reference  to  the  needs  of  the  rural 
contractor  who  must  haul  his  equip- 
ment long  distances  over  country 
roads. 

The  principal  feature  of  the  new 
mixer  is  flie  high  wheels,  24"  in 
front  and  ^0"  in  the  rear,  set  to 
follow  ,a  wagon  track.  This  mixer 
is  equipped  as  desired  with  side 
loader  of  the  open  end  tj-pe,  holding 
platform,  hoist,  batch  hopper,  water 
tank  and  rotary  pump,  according  to 
the  requirements  of  the  purchaser. 


Drii  Wall  Block  As  Made 
in  Cleveland 

Concrete  products  manufacturers 
and  others  who  remember  the  Mc- 
Intyre  block  will  see  something 
familiar  in  the  illustrations  showing 
the  machine  for  the  manufacture  of 
so-called  Dry-Wall  block."  Tlie  ma- 
chinery and  the  units  manufactured 
on  it  are  being  developed  in  Cleve- 
land and  in  surrounding  Ohio  terri- 
tory bj'  Warren  K.  Rogers. 

The  original  outstanding  feature 
of  this  type  of  block  is  in  the  ar- 
rangement of  air  space.  There  is 
one  complete  air  space  so  arranged 
that  there  is  no  straight  line  solid 
passage  for  moisture  directly 
through  the  wall.  There  is  another 
independent    air    space    provided    in 

^Lansing  Co..  Lansing.  Mich. 
^Patent    owned    by   the    Blystone    Mfgr.   Co., 
Cambridge  Springs,  Pa. 
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I)kv-\\'.\i.i,  Block 


such  a  way  that,  as  the  block  are 
liid  up,  it  can  be  filled  with  grout. 
The  space  provides  for  rods  for 
horizontal  and  for  vertical  reinforce- 
ment, the  rods  to  be  surrounded  by 
.•I  wet  mixture  of  concrete. 

In  the  factory  operated  in  Cleve- 
land the  machine  works  under  auto- 
matic tampers,  block  being  made 
M-rtically  and  delivered  from  the  ma- 
chine on  pallets,  thence  to  a  car  and 
into  steam  room,  where  block  remain 
for  from  21  hrs.  to  36  hrs.  to  cure. 
Hlock  which  are  to  be  used  plain,  as 
in  foundations  and  for  otiier  ordi- 
nary work,  are  then  run  out  into  the 
yard  to  be  kept  wet  for  10  das. 

Block  which  arc  to  be  faced  go 
through  a  special  treatment  which  is 
rather  unusual  in  block  manufacture. 
They  are  removed  from  the  curing 
room,  wet  on  the  face  side,  placed 
on  their  backs  on  little  cars,  which 
run  on  an  inclined  track  by  gravity 
in  front  of  women  operators  who 
apply  a  facing  mixture.  This  fac- 
ing is  in  reality  a  stucco  with  ex- 
posed aggregate.  They  use  a  little 
frame  just  the  size  of  tlie  block 
which  stands  up  .about  ^ii,"  all 
around.  This  is  filled  with  a  facing 
mixture  over  the  well  wetted  surface 
of  the  block.  After  the  frame  is 
filled  with  the  special  facing  mix- 
ture which  is  a  fine  mix,  coarse  ag- 
gregates are  spread  on  the  top  as 
desired  and  lightly  tamped  in  with 
a  block  of  wood.  This  operation 
takes  from  3  min.  to  4  min.  per 
block.  Most  of  the  work  is  done  by 
young  women  and  as  the  block  are 
finished  they  run  on  down  the  track 
on  the  little  cars  and  are  allowed  to 
cure  for  3  das.  or  4  das.  more.  The 
faces  of  the  block  are  then  washed 
with  an  acid  solution  to  remove  sur- 
))lus  cement.  Block  then  have  furth- 
er curing  for  a  period  of  10  das. 
The  little  frame  used  in  applying 
the  facing,  hinged  at  the  corners, 
clamps  around  the  block  by  a  simple 


operation.  The  block  which  are  to 
be  faced  in  this  way  are  made  with 
a  rough  surface  on  the  face  sides. 

Block  are  made  in  8-in.  and  12-in. 
thickness,  the  cars  used  hold  32 
12-in.  block  or  18  8-in.  block  and 
when  these  have  been  run  into  the 
curing  room,  36  cars  being  in  use, 
live  steam  is  turned  on  into  wells 
filled  with  water.  A  local  company 
manufacturing  block  in  Cleveland  is 
The  Dry  Wall  Co.,  controlling  the 
County  of  Cuyahoga. 

Another  feature  in  the  operation 
of  the  block  machine  is  the  fact  that 
if  a  smooth  tamped  face  is  wanted 
the  front  compartment  of  the  ma- 
chine, that  is,  in  front  of  the  first 
air  space,  is  filled  with  one  mixture 
of  concrete,  while  the  back  of  the 
block  is  filled  with  another  mixture. 
In  this  way  the  slower  operations  in 
apph'ing  a  facing  mixture  which 
have  alrcadj'  been  described  are  not 
necessary.  Mr.  Rogers  reports  that 
at  the  Cleveland  plant,  using  washed 
sand,  and  figuring  steam  curing, 
power,  labor  and  everything  th.at  en- 
ters into  a  block  make  the  block  cost 
from  6  cts.  to  7  cts.  each,  for  6-in.  x 
8-in.  X  20-in.  size,  while  the  larger 
size  block,  fi"  high,  12"  thick  and 
20"  long  costs  about  3  cts.  more.  The 
additional  cost  for  applying  the 
coarse  aggregate  facing  and  includ- 
ing the  cost  of  white  cement  used 
frequently  with  this  facing,  is  from 
I'A  '^ts.  to  5  cts.  per  block. 


A  Nexv  Non-Removable 
Floor  Form 

The  use  of  light  pressed  steel 
forms  on  skeleton  wood  forms  to 
secure  beam  and  slab  construction 
has  become  common. 

What  is  known  as  the  Surebond 
Unit  System^  employs  a  corrugated 
steel  form  to  core  the  spaces  be- 
tween beams   and   also   a   perforated 

'The  Goldsmith  Metal  Lath  Co.,  Cincinnati, 
Ohio 


Arraxgemext    of   the    Sureboxd    Uxit 
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bottom  section  which  holds  the  upper 
sections  in  place  and  acts  as  a  plas- 
ter base  for  the  ceiling.  The  bottom 
section  is  stifTened  by  ribs  of  dove- 
tail section  which  increase  the  me- 
chanical bond  of  the  plaster. 

The  illustration  makes  clear  the 
arrangement  and  also  shows  the  very 
simple  form  work  used. 


Neto  Device  Makes  Concrete 
Step  Building  Easy 

The  construction  of  concrete  steps 
is  a  detail  which  involves  consider- 
able skill  and  the  waste  of  some  lum- 
ber, because  steps  vary  so  much  that 
it  is  seldom  practicable  to  re-use  ma- 
terial.    A  simple  device  used  in  con- 

f 


Fig.   1 — Details  ui    5ii,i,l  Step   Form 

nection  with  light  channel  iron  bear- 
ers^ is  illustrated.  It  will  be  seen 
that  provision  is  made  for  adjust- 
ment in  all  directions  to  cover  the 
entire  range  of  step  building.  A 
few  miniitrs  i^  rtininrh  tn  clamp  the 


Fig.  2 — Forms  i>i  Place  Ready  foe  Con- 
crete 

steel  step  holders  into  position  and 
the  riser  boards  which  are  held  in 
place  by  spurs  and  dogs  are  readily 
placed.  It  will  be  noticed  that  the 
entire  surface  of  the  step  is  left  en- 
tirely free  of  obstruction  for  finish- 
ing and  that  a  substantial  bearing 
for  staging  is  provided. 

'H.  L.  Park  Co.,  Reading,  Mass. 


Trade  Publications     n 


Anti-Hydro  Waterproofing,  Damp- 
proofing — Anti-Hydro  Waterproofing  Co., 
Newark,  N.  J.,  paper,  8"  x  6%",  two 
colors,  8  pp.  This  pamphlet  contains 
directions  for  the  use  of  waterproofing, 
together  with  a  discussion  of  its  advan- 
tages and  a  list  of  users  of  this  material. 

ITie  Wells  Light—The  Alex.  Milburn 
Co.,  Baltimore,  Md.,  6"  x  9",  12  pp., 
illust.  This  pamphlet  describes  and  illus- 
trates the  Wells  kerosene-burning  light 
for  contractors'  use,  also  heating  burn- 
ers for  use  in  shops  and  construction 
work. 

Percoproof — The  Philip  Carey  Co., 
Cincinnati,  Ohio,  paper,  iy,"  x  7",  16 
pp..  two  colors,  illust.  A  neat  pocket- 
sized  catalog  describing  the  advantages 
of  Percroproof  dampproofing  compounds 
in  connection  with  concrete  and  general 
construction  work. 

Low-Down  Concrete  Mixer — Elite  Mfg. 
Co.,  Ashland,  Ohio,  paper,  6"  x  9",  20 
pp.,  illust.  An  attractive  catalog  de- 
scribing in  detail  the  Elite  continuous 
mixer,  also  gasoline  pumping  outfit, 
wheelbarrows  and  concrete  carts. 

A  Chain  of  Evidence — Morse  Chain 
Co..  Ithaca,  N.  Y.,  paper.  6"  x  9",  12 
pp..  illust.  A  well  written  and  well 
])rinted  catalog  describing  the  Morse 
Silent  Chain  Drive.  Tliis  type  of  drive 
is  shown  in  use  on  a  large  number  of 
typical  installations  and  a  table  giving 
the  data  necessary  for  the  de';ign  of  the 
type  of  trassmission  is  included. 
"  foOO.OO  a  Month  Making  Reinforced 
Concrete  Silos — Silo  Equipment  Co., 
Minneapolis,  Minn.,  paper.  3%"  x  6", 
29  pp.,  illust.  A  neat  pocket  catalog  de- 
scribing a  concrete  silo  building  outfit, 
including  forms,  trucks,  hoist  and  roof 
forms. 


Current  Prices  —  Con- 
crete Materials  n 


Portland  Cement — There  has  been  prac- 
tically no  increase  in  cement  prices  dur- 
ing the  past  month.  Prices  given  are 
f.  o.  b.  cars  at  points  named,  including 
cloth  sacks,  for  which,  in  general,  40  cts. 
per  bbl.  (4  sacks)  is  refunded  on  return 
in  good  condition.  Prices  per  bbl.  (in- 
cluding 4  cloth  sacks)  are  as  follows: 
Boston,  $1.82;  New  York.  $1.67:  Chicago, 
.$1.66  to  $1.71;  Pittsburgh,  $1.T1;  Cleve- 
land. $1.85;  Cincinnati.  $1.79;  Detroit, 
.$1.80;  Indianapolis,  $1.84;  Toledo,  $1.84; 
Milwuakee.  $1.88;  Minneapolis  and  St. 
Paul,  $1.98;  Duluth.  $1.96;  Peoria,  $1.79; 
Cedar  Rapids.  $1.90;  Davenport.  $1.80; 
Denver,  $1.87;  Toronto.  $1.75;  Montreal, 
$2.00;  Winnipeg,  $2.60;  Vancouver,  $3.75; 
Snokane.  $2.35^  Seattle.  .$3.40:  Portland, 
Ore.,  .$2.40;  Tacoma,  $2.40;  San  Fran- 
cisco, $1.90. 

Crushed  Stone — 1  lA-in.  stone,  prices  per 
cu.  yd.,  f.o.b.  cars  in  carload  lots,  unless 
othei-wise  specified.  New  York.  80  cts., 
in  full  cargo  lots  at  the  docks;  Chicago, 
$1.00;  Winnipeg,  $3.50;  Vancouver.$l.SO; 
Spokane.  $1.00;  Portland.  Ore..  $1.15; 
Seattle,  $1.50;  San  Francisco,  $1.25. 

Oravel — Prices  given  are  per  cu.  yd. 
f.o.b.  cars  in  carload  lots  unless  other- 
wise noted.  New  York,  80  cts.  in  full 
cargo  lots  at  docks;  Chicago.  $1.00; 
Winnipee,  $1.85;  Vancouver.  $1.25;  Spo- 
kane,    $1.00;     Portland,     Ore.,     85     cts.; 


Seattle,    75    cts.;    Tacoma,    75    cts.;    San 
Francisco,  $1.15. 

Sand — Prices  are  per  cu.  yd.  f.  o.  b. 
cars  in  carload  lots  unless  otherwise  in- 
dicated. New  York,  45  cts.,  full  cargo 
at  docks;  Chicago,  $1.15;  Winnipeg, 
$1.85;  Vancouver,  $1.00;  Spokane.  $1.00; 
Seattle,  75  cts.;  Portland,  Ore.,  85  cts.; 
Tacoma,  75  cts.;  San  Francisco,  $1.00. 

Reinforcing  Bars — The  continued  de- 
mand for  large  size  bars  for  munition 
manufacture  has  materially  increased  the 
use  of  re-rolled  bars  and  until  the  mar- 
ket becomes  normal  again  a  considerable 
amount  of  such  material  will  no  doubt 
be  used.  At  the  present  time  prac- 
tically all  business  is  beintr  taken  on  a 
basis  of  $2.00  per  cwt.,  Pittsburgh,  with 
prevailing  extras  for  bars  under  %"  or 
base,  and  for  delivery  in  6  mos.  to  7 
mos.,  except  in  special  cases.  The  fol- 
lowing are  quotations  on  base  bars  per 
100  lbs.,  for  mill  shipments  from  other 
points,  f.  o.  b.  cars:  New  York,  $3,169 
Philadelphia,  $2,159;  Chicago,  $2,189 
Spokane,  $2.85;  Portland.  Ore.,  $2.S0 
Seattle,  $2.50;  Tacoma,  $2.50. 

Shipments  from  stock  are  being  made 
at  the-following  prices  per  cwt.  f.  o.  b. 
New  York,  $3.50;  Buffalo,  $3.45;  Cincin- 
nati, $3.50;  Cleveland.  $2.50;  St.  Louis, 
.$3.45;  Chicago,  .$2.40;  Youngstown,  $2.50; 
St.  Paul,  $2.30;  Toronto,  $3.50;  Winni- 
peg, $2.45;  Vancouver,  $2.90;  Spokane, 
,$3.45;  Portland.  Ore.,  $3.15;  Tacoma, 
$3.15;  Seattle,  $3.15. 

Metal  Clips  for  Supporting  Bars — 
$4.50   to  $6.50  per   1,000,   depending  on 

size. 

For  the  majority  of  the  prices  given 
we  are  indebted  to  the  Universal  Port- 
land Cement  Co..  Concrete  Steel  Co., 
Sandusky  Portland  Cement  Co.,  Ameri- 
can Sand  &  Gravel  Co.,  Chicago,  and  F. 
T.  Crowe  &  Co.,  Seattle,  Portland,  Spo- 
kane and  Tacoma. 

Reinforcing  bars  for  mill  shipments  are 
in  general  sold  on  a  Pittsburgh  basis: 
that  is,  at  the  Pittsburgh  quotation  plus 
the  freight  to  the  point  in  question,  and 
with  the  following  list  of  freight  rates 
on  finished  material  and  the  Pittsburgh 
quotation  given,  the  price  of  bars  at  pny 
of  the  points  listed  can  be  readily  com- 
puted. 

From  Pittsburgh,  carloads,  per  100  lbs. 
to: 

Albanv  16.9  cts. 

New   York    16.9  " 

Philadelphia     15.9  " 

Baltimore    15.4  " 

Boston    18.9  « 

Buffalo   11.6.  " 

Cleveland     10.5  " 

Birmingham    45  " 

Cincinnati    15.8  " 

Chicago    18.9  " 

Denver   68.6  " 

St.    Louis    23.6  " 

New    Orleans     30  " 

Minneapolis     32.9  " 

Indianapolis    17.9  " 

Kansas    City    43.6  " 

Omaha    43.6  " 

Pacific  Coast  Points   (Rail) 73.9  " 

Now  that  the  Panama  Canal  has  been 
opened  to  traffic  ocean  freight  rates  on 
reinforcing  bars  to  Pacific  Coast  points 
have  been  established  which  materially 
lower  the  delivered  cost  of  bars  from  the 
east.  The  rates  per  100  lbs.  to  Pacific 
Coast  points  for  large  lots  are.  From 
Pittsburgh,  61.9  cts.;  Chicago,  76.5  cts.; 
Youngstown,  61.9  cts.;  New  York,  40 
cts.;  Bethlehem,  52.9  cts. 
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The  Eliiiiiiialion  of  the  "Dub" 

/^NE  tliiiifj  strongly  in  evidence  at  tlie  Cement 
^^^  Sliow,  at  tiie  Concrete  Institute,  at  tlie  Pipe 
Association  meetings  and  at  tlie  Road  Conference 
is  that  many  inHuenecs  are  combining  for  the  elim- 
ination of  the  "dub"  from  the  concrete  field.  The 
haphazard  worker,  the  unscrupulous  worker,  the 
unintelligent  worker,  and  the  contractor  and  manu- 
facturer who  are  trying  to  do  business  on  the  small 
onc-liorse  scale,  are  giving  waj'  before  the  field's 
necessity  for  intelligent  service,  careful  workman- 
ship, honest  dealings  and  business  methods.  As 
long  as  concrete  could  be  regarded  in  the  field  as 
a  variety  of  mud  without  precise  definition,  as  long 
as  it  was  believed  that  concrete  work  was  so  sim- 
ple that  any  laborer  could  do  it,  the  industry  was 
bound  to  be  embarrassed  by  unsatisfactory  results 
which  discredited  the  efforts  of  intelligent  con- 
tractors, engineers  and  manufacturers. 

It  is  very  noticeable  now  that  manufacturers  of 
equipment  of  various  kinds  for  use  in  the  concrete 
field  are  making  no  effort  to  sell  to  men  who  are 
not  equipped  either  with  sufficient  training  or 
witli  sufficient  capital  to  enable  them  to  carry  their 
enterprises  through  to  satisfactory  conclusions. 
Manufacturers  of  equipment  no  longer  want  their 
machines  and  their  sj'stems  of  construction  used 
by  men  not  capable  of  making  a  success  of  them, 
running  a  risk,  as  they  formerly  did,  of  bringing 
discredit  on  their  own  machines  and  equipment 
through  their  abuse  in  incompetent  hands. 

In  the  concrete  products  field,  in  particular,  in 
other  days,  it  was  common  to  induce  any  one  who 
had  the  price  of  small  equipment  to  go  into  busi- 
ness as  a  concrete  products  manufacturer.  Much 
of  the  disfavor  of  concrete  building  units  in  some 
localities  is  due  to  this  policy.  It  is  strongly  evi- 
dent now  that  the  producers  of  equipment  intended 
for  such  use  are  becoming  far  less  in  number. 
Some  of  these  producers  are  out  of  business  as  a 
result  of  such  short-sightedness ;  others  have  learn- 
ed their  lesson  and  have  seen  the  development  of 
the  industry  and  are  making  equipment  intended 
for  use  in  extensive  enterprises  by  capable  men. 
This  was  in  evidence  not  in  one  case  but  in  dozens 
of  cases   and   manufacturers   generally   seem   now 


to  be  convinced  that  their  problem  is  not  so  much 
in  selling  equipment  as  in  interesting  able  inves- 
tors in  wliat  they  have  to  offer,  and  in  interesting 
men  who  give  reasonable  assurance  that  they  have 
sound  business  principles  and  a  desire  and  an  abil- 
ity to  build  up  a  business  which  will  be  a  credit 
to  them  and  to  the  producers  of  the  equipment 
for  many  years  to  come. 

The  Concrete  ^Nli.xer  For  lOlG 

A  YE.\R  ago  CoNCKETK  said  editorially  that 
the  outstanding  feature  in  mixer  manufac- 
ture as  suggested  by  the  Show  was  the  phenomenal 
development  of  the  5-ft.  machine.  It  was  pointed 
out  that  large  contractors  can  use  a  number  of 
small  machines  to  replace  one  larger  mixing  unit 
on  some  big  jobs  and  at  the  same  time  have  avail- 
able equipment  for  use  on  scattered  small  jobs. 

This  year  there  was  no  shortage  of  small  mix- 
ers. In  fact,  nearly  every  mixer  maker  is  taking 
care  of  the  man  who  wants  the  small  machine  and 
evidence  was  presented  that  large  numbers  of  the 
small  sizes  are  being  sold. 

There  is,  however,  to  some  extent,  a  reaction 
which  indicates  that  the  10-ft.  size,  which  is  a 
compromise  between  the  5-ft.  mixer  and  the  very 
large  machine  and  wliich  obviates  the  necessity 
for  bag  splitting,  is  finding  favor.  This  is  par- 
ticularly true  with  the  larger  contracting  organiza- 
tions who  wish  to  secure  flexibility  without  going 
to  the  other  extreme  and  splitting  the  sack.  Ob- 
viously the  5-ft.  mixer  will  continue  in  favor  on 
the  smaller  work  and  where  extreme  portability  is 
desired. 

]More  Time  in  the  ^Mixing 

TN  some  of  the  papers  presented  in  the  meetings 
of  the  American  Concrete  Institute  and  the 
Road  Conference  were  indications  of  strong  feel- 
ing that  the  mixing  time  has  been  cut  excessively 
short  in  the  desire  to  secure  large  output.  It  will 
be  noted  elsewhere  in  this  magazine  that  the  rec- 
ommended practice  of  the  Road  Conference  speci- 
fies a  mixing  time  of  one  full  minute  in  the  drum 
regardless  of  the  number  of  revolutions  per  min- 
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ute.  A  paper  by  ^Ir.  Simpson  on  the 
Tunkhannock  Viaduct  gives,  as  part 
of  the  specifications,  the  requirement 
tliat  each  'batch  shall  be  turned  from 
2  minutes  to  2^  o  minutes  while  the 
mixer  output  on  that  important  work 
was  limited  to  1 7  batches  per  hour. 
The  same  feeling  is  expressed  by 
many  engineers  and  contractors.  It 
is  believed  that  the  longer  mixing 
time  is  of  especial  value  in  connec- 
tion with  modern  spouting  methods 
and  tends  to  secure  a  more  homo- 
geneous concrete  and  to  prevent  sep- 
aration. 

Drier  31ixture  for  Paving- 

T  F  there  was  one  factor  in  success- 
ful concrete  paving  that  stood 
out  above  all  others  in  the  reports 
and  in  the  discussions  at  the  Con- 
ference on  Concrete  Road  Building 
in  Chicago  last  month,  it  is  in  the 
matter  of  consistency  of  the  mix- 
ture. There  was  insistent  emi^hasis 
from  many  quarters  upon  the  fact 
that  drier  mixtures  must  be  used 
than  have  been  employed  in  the  past 
on  a  large  amount  of  road  work. 
There  seems  to  be  no  argument 
about  the  fact  that  a  sloppy  mixture 
does  not  give  the  best  results  and 
the  problem  of  the  field  is  largelv 
in  getting  a  ready  delivery  of  a 
drier  mixture  from  the  mixer  onto 
the  road  bed  without  encountering 
insubordination  in  the  mixer  crew 
which  almost  invariably  likes  to  put 
a  little  more  water  in  the  mixture 
than  belongs  there  because  a  wet 
mixture  is  more  easily  handled.  At 
the  Road  Conference  2  years  ago 
it  was  strongly  pointed  out  that  the 
best  mixture  for  road  work  is  viscous 
and  pasty  and  the  testimony  on  this 
score  was  even  stronger  at  the  re- 
cent meeting. 

Second  to  the  consistency  of  the 
mixture  is  the  time  of  mixing.  It  is 
agreed  quite  generally  that  the  con- 
crete materials  shall  remain  in  the 
mixer  drum  for  one  full  minute  af- 
ter the  last  of  these  materials  has 
been  placed  in  the  drum,  this  length 
of  time  not  varying  with  the  revolu- 
tions of  the  drum.  As  the  opinion 
is  strongly  expressed  that  while 
there  should  be  at  least  li  to  ifi 
revolutions  of  the  mixer  drum, 
speeding  the  mixer  in  order  to  get 
this  number  of  turns  will  not  ac- 
complish the  result  unless  the  mix- 
ing operation  continues  for  one  full 
minute.  This  decision  has  been  ar- 
rived at  after  considerable  investi- 
gation and  the  difference  between 
the  concrete  mixed  for  three-fourths 
of  a  minute  and  the  concrete  mixed 
one  full  minute  is  told  by  the  com- 
mittee on  Mixing  and  Placing. 

\9G] 


The   Pnvtland   Cement  Asso- 
ciation 

V\/'HILE  the  new  organization  of 
^  ^  the  Portland  Cement  Associa- 
tion is  by  no  means  completed  there 
is  even  now  strong  evidence  of  ac- 
tivities in  a  promotional  way  which 
are  almost  sure  in  time  to  affect  the 
entire  concrete  industry  and  the 
work  of  almost  every  individual  in 
it. 

Obviously  the  major  consideration 
is  the  increase  in  the  use  of  Portland 
cement,  since  the  work  of  the  Asso- 
ciation along  much  broader  and  more 
intensive  lines  than  has  hitherto  been 
undertaken  is  paid  for  by  the  mem- 
ber manufacturers  of  the  Associa- 
tion. Since  the  Association  is  build- 
ing for  the  future  and  not  for  a 
temporary  increase  in  the  use  of 
Portland  cement,  its  work  will  pro- 
ceed upon  the  basis  of  good  practice 
in  concrete  work  and  will  endeavor 
to  secure  not  only  more  concrete 
work  but  better  concrete  work.  De- 
tails in  various  lines  will  be  handled 
bv  bureaus  of  the  association.  Some 
of  these  have  already  been  partly 
organized.  The  General  Manager, 
J.  P.  Beck,  will  have  a  trained  staff' 
of  men  devoting  their  energies  along 
special  lines  in  the  concrete  field. 
It  is  ])articularly  interesting  to  note 
that  A.  X.  .Johnson,  one  time  State 
Highway  Engineer  of  Illinois,  and 
more  recently  road  expert  of  the 
Bureau  of  Municipal  Standards.  New 
York  City,  becomes  road  expert  for 
the  Association.  L.  R.  Ferguson  will 
probably  continue  in  charge  of  ex- 
tension work  of  a  technical  nature. 
A.  J.  R.  Curtis,  formerly  of  the  Uni- 
versal Portland  Cement  Co.,  will  de- 
vote particular  attention  to  co-op- 
eration with  educational  institutions 
and  for  a  time  at  least  will  continue 
along  lines  to  which  he  has  previous- 
ly given  particular  attention  in  the 
agricultural  field.  C.  M.  Wood  has 
become  manager  of  a  Concrete  Pro- 
ducts Bureau  of  the  Association  and 
proposes  an  active  campaign  in  field 
work.  H.  Collin  Campbell,  formerly 
of  the  Universal  Portland  Cement 
Co.,  has  the  title  of  Editor  for  the 
Association.  Several  other  bureaus 
it  is  understood  will  be  formed  and 
put  in  charge  of  able  men.  Practi- 
cally all  of  these  bureaus  will  have 
field  men  keeping  in  touch  with  im- 
])ortant  work  under  way  and  with 
important  contracts  about  to  be 
placed,  with  the  idea  of  securing 
recognition  for  concrete  work  in 
various  fields.  In  short,  the  activi- 
ties of  the  Association  as  they  have 
thus  far  been  outlined  promise  to 
embrace  not  only  service  in  the  way 
of    information    but    to    embrace    a 


great  deal  of  field  inspection  work 
and  promotional  activities  to  increase 
the  use  of  concrete  in  various  kinds 
of  construction  with  field  men  co- 
operating with  manufacturers  and 
contractors  throughout  the  country. 
The  Association  is  just  moving  into 
a  very  large  suite  of  offices  on  the 
1  uth  floor  of  the  Conway  building, 
1 1 1  Washington  St.,  Chicago. 

Concrete    Silos  —  the    Testi- 
mony of  the   Show 

f  F  the  Cement  Show  may  be  as- 
sumed to  reflect  the  present 
status  of  the  concrete  silo  business, 
several  conclusions  may  be  drawn. 
The  increasing  number  of  silo  ex- 
hibits and  the  frequency  with  which 
concrete  silos  formed  the  topic  of 
conversation,  together  with  the  en- 
thusiasm manifested  by  many  silo 
contractors,  is  evidence  that  con- 
crete silo  building  is  a  firmly  estab- 
lished field  of  contracting. 

^Slonolithie  silo  construction  was 
represented  by  a  number  of  notable 
exhibits  and  it  is  apparent  that  con- 
crete silo  construction  is  attracting 
the  attention  of  many  of  the  larger 
contracting  organizations  who  may 
be  counted  upon  for  first-class  work. 
\\'hile  this  tendency  seems  strongest 
in  connection  with  the  monolithic 
structure,  the  unit  silo  is  considered 
favorably  by  many  as  a  substantial 
business. 

Perhaps  the  most  notable  feature 
from  a  standpoint  of  novelty  was 
tlie  number  of  concrete  silo  staves 
on  exhibition.  This  type  of  con- 
struction seems  to  be  developing 
rapidly  toward  a  more  sound  promo- 
tional basis.  That  the  concrete  silo 
stave  seemingly  has  a.  number  of 
strong  points  is  conceded,  but  Con- 
crete feels  that  a  word  of  caution 
is  timely.  The  apparent  simplicity 
of  the  work  and  the  small  investment 
suggests  the  danger  of  a  situation 
comparable  to  that  following  the  in- 
troduction of  the  cheap  block  ma- 
chine, the  issue  of  which  has  thrown 
discredit  that  will  be  long  in  disap- 
l)earing  on  the  concrete  block  as  a 
building  unit.  Those  concerned  in 
the  future  of  the  concrete  stave  silo 
should  spare  no  pains  to  see  that  the 
business  is  placed  in  competent 
hands.  Incompetency  and  careless- 
ness will  inevitably  be  followed  by 
discredit,  which  will  affect  not  only 
the  conci'cte  stave  industry  but.  in  a 
larger  sense,  the  whole  field  of  con- 
crete silo  construction. 


The  National  Conference  on  Con- 
crete Road  Building  actually  con- 
ferred to  a  purpose. 
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The  Chicago  Cement  Sliow  As  An  Influence 

in  Upbuikhng  the  Industr> 

Ax  Editokiai, 


The  success  of  an  iiulustrial  ex- 
position is  measured  by  the  impetus 
which  it  {fives  tlie  industry  it  repre- 
sents. The  value  of  the  Cement 
Sliow  in  the  C'olis.eum  and  the  First 
llcgiment  Armory  iti  C'hicajro  Feb. 
12-1!)  will  be  written  in  terms  of 
better  concrete  and  more  of  it.  Tlic 
results  will  depend  on  the  number 
of  ])eople  and  the  kinds  of  people 
for  whom  the  show  means  an  awak- 
ened interest  or  an  enlivened  inter- 
est in  the  possibilities  of  concrete 
work,  well  done,  in  all  kinds  of  con- 
struction. 

It  is  oiii'  thirij^-  to  sliow  eontraetors 
a  multitude  of  concrete  mixers  from 
amoMj>-  which  to  choose  the  machines 
for  their  season's  work  and  it  is  an- 
other thinjr  to  show  s\ich  products 
of  the  contracting  and  the  manufac- 
turing field  of  concrete  as  are  most 
likely  to  create  a  general  desire  for 
more  of  that  kind  of  work,  thus  cre- 
ating activities  for  the  contractors 
_  and  the  manufacturers  who  will  re- 
quire inore  concrete  mixers  and  all 
other  equipment  with  which  to  meet 
the  demand. 

It  was  with  these  things  in  mind 
in  relation  to  the  jirogress  of  the 
concrete  field  that  this  magazine 
published  an  editorial  estimate  of 
the  Cement  Show  last  year^  intended 
to  emphasize  the  advantage  to  the 
field  which  lies  in  the  direction  of 
showing  to  the  visitors  at  the  Ex- 
hibition not  only  the  machines  and 
the  tools  with  which  the  industry 
works  but  some  of  the  products  of 
such  equipment,  in  the  belief  that  the 
inevitable  result  of  showing  to  archi- 
tects and  to  engineers  and  to  the 
public  at  large  the  structural  and 
architectural  possibilities  of  con- 
crete, which  are  not  yet  appreciated 
to  their  utmost,  will  be  to  create  a 
larger  and  a  more  discriminating  de- 
mand for  the  best  applications  of 
the  material. 

The  material,  concrete,  has  been 
a  very  satisfactory  salesman  in  its 
own  behalf,  particularly  in  its  struc- 
tural application  and  in  its  demon- 
strated economy  in  permanent,  fire- 
proof, and  weather-proof  construc- 
tion. The  public  is  convinced  of 
these    values    and    yet    in    many    in- 

'Mar.,  1915,  issue 
March,  1916 


stances  has  been  reluctant  to  adopt 
a  material  which  seemed  to  be  lim- 
ited in  its  possibilities  for  beauty  in 
the  nicer  elements  of  architecture. 
The  F'eb.,  1<)H),  Cement  Show  was 
a  most  decided  adv.ance  over  the 
previous  exhibitions  in  creating  a 
new  interest  in  the  material  for 
qualities  which  many  visitors  did  not 
know  it  possessed.  The  manage- 
ment of  the  Show  is  to  be  congratu- 
lated on  what  it  has  achieved.  That 
thousands  of  visitors  were  wide-eyed 
with  gratification  .-it  what  they  saw- 
should  be  sufficient  incentive  to  fol- 
low still  further  ;inother  year  along 
the  lines  already  iiulieated  in  devot- 
ing quite  as  much  attention  to  prod- 
ucts of  concrete  and  to  definite  dem- 
onstrations of  the  applications  of 
concrete  as  to  the  tools  and  the  ma- 
chinery with  which  these  things  are 
made   ])ossible. 

A    MORE    IXFLrENTIAL    SHOW 

Manager  Robert  F.  Hall  and  his 
able  assistant-s  really  accomplished 
a  great  work  this  year  in  putting 
the  Show  into  a  new  sphere  of  de- 
veloiiment  where  its  influence  for  the 
upbuilding  of  the  industry  is  bound 
to  be  much  bigger  and  more  fruit- 
ful. In  justice,  however,  to  the  for- 
mer manager  of  the  Show,  J.  P. 
Beck,  it  should  be  said  that  the 
friendly  and  obviously  constructive 
criticism  of  the  former  Show  offered 
by  this  magazine  in  its  M.ir.,  191.), 
issue  was  received  by  Mr.  Beck 
with  whole-hearted  approval.  In 
reference  to  this  magazine's  sug- 
gestions at  that  time  Mr.  Beck  said: 
"Your  estimate  of  the  Show  is  a  just 
one.  We  ought  to  have  more  ex- 
hibits showing  the  various  uses  and 
advantages  of  concrete."  The  time 
had  evidently  come  when  it  was  ob- 
vious not  only  to  this  magazine  but 
to  numerous  others  who  have  kept 
in  close  touch  with  the  Show's  de- 
velopment and  its  influence  from 
year  to  year  that  there  were  oppor- 
tunities for  increasing  that  influence 
■which  had  not  been  fully  developed. 
It  is  to  the  credit  of  the  present 
management  of  the  Cement  Products 
Exhibition  Co.  that  it  has  been  able 
to  take  up  the  work  where  a  former 
management  left  off,  with  no  break 
in  the  progress  of  its  usefulness. 
The     Coliseum     and     the     Annex 


which  hitherto  have  held  the  entire 
Cement  Show,  this  year  were  given 
over  almost  completely  to  machin- 
ery and  equipment,  while  the  Ar- 
mory, connected  with  the  Coliseum 
by  a  canvas-covered  passageway, 
lield  many  products  of  concrete, 
shown  in  such  a  way  as  to  make  a 
strong  appeal  to  architects  and 
builders  and  to  the  general  public, 
always  on  the  lookout  for  new  medi- 
ums of  architectural  beauty. 

The  greater  part  of  what  this  re- 
cent Show  accomplished  in  the  way 
of  exhibiting  the  actual  concrete 
products  was  accomplished  through 
the  joint  exhibit  made  by  about  S.? 
cement  manufacturing  companies.  A 
large  space  was  devoted  to  factory- 
made  concrete  building  units  aiid 
there  were  examples  of  work  from 
some  of  the  most  successful  manu- 
facturers of  concrete  stone  in  this 
country,  so  that  visitors  at  the  Sliow 
— and'  they  were  undoubtedly  nu- 
merous— who  have  never  known  any- 
thing in  the  way  of  concrete  build- 
ing units  but  the  most  ordinary,  un- 
attractive block,  could  scarcely  rea- 
lize that  the  beautiful  specimens  of 
manufactured  stone  which  they  saw, 
really  were  properly  described  by 
the  name  of  concrete.  There  was 
good  variety  of  surface  treatment, 
good  variety  in  color  and  good  va- 
riety in  types  of  units.  It  is  safe 
to  say  that  if  just  a  few  of  the  pat- 
rons of  each  of  the  block  manufac- 
turers in  this  country  could  have  at- 
tended the  Chicago  Cement  Show  so 
as  to  be  led  to  demand  of  their  man- 
ufacturers real  architectural  units  of 
concrete  such  as  were  on  exhibition 
there,  it  would  require  a  few  years 
only  to  eliminate  from  the  field  the 
objectionable  examples  of  concrete 
building  block.  There  were  beauti- 
ful pieces  of  cut  cast  stone  made  of 
intimate  mixtures  of  well  graded,  at- 
tractively colored  aggregates  and  fin- 
ished when  cured  just  as  natural 
stone  is  finished,  by  stone-cutters 
and  carvers.  Some  of  the  work 
shown  rivaled  the  very  best  of  nat- 
ural stone  work,  and  according  to 
many  architects  has  qualities  besides 
the  advantage  of  lower  price  to  rec- 
ommend it  in  preference  to  natural 
stone. 

There  were  concrete  surfaces  that 
had  been  washed  and  scrubbed  while 
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green,  surfaces  which  had  been  acid- 
treated,  surfaces  given  the  fine  par- 
allel lines  of  tooling  so  prevalent  in 
some  of  the  best  work  in  limestone ; 
there  were  examples  of  color  work 
in  concrete,  not  only  with  colored 
mortar  but  with  colored  aggregate, 
inlaid  tile  and  polished  surfaces 
such  as  are  common  now  only  in  ter- 
razzo  floors,  where  the  colored  ag- 
gregates are  exposed,  with  beautiful 
results.  This  display  cannot  be  said 
to  represent  expensive  building  units 
only,  because  there  were  excellent 
examples  of  beautiful  work  wliich  is 
offered  to  the  public  at  prices 
cheaper  than  those  of  brick. 

The  joint  exhibit  also  included  a 
liberal  display  showing  the  applica- 
tion of  concrete  on  the  farm,  with 
small  models  and  blue  print  details 
of  agricultural  buildings  and  con- 
structions of  various  kinds,  includ- 
ing silos,  cisterns  and  septic  tanks. 
Fence  posts  of  numerous  approved 
types  were  on  exhibition  and  there 
were  men  about  to  explain  all  these 
things  to  the  visitors  wlio  did  not 
fully  understand  them.  There  were 
also  examples  of  surface  finish  and 
monolithic  construction  done  with 
hand-operated  polishing  tools  and 
rubbing  tools,  bush-hammers  and 
brushes  in  addition  to  the  more  com- 
mon stucco  surfaces.  Each  piece  of 
work  demonstrated  conclusively  the 
architectural  possibilities  of  concrete 
to  sustain  and  popularize  its  struc- 
tural values.  A  liberal  space  was 
devoted  to  concrete  in  road  work, 
with  samples  of  pavement  slabs, 
models  of  bridge  and  culvert  work 
and  road  construction.  A  bungalow 
big  enough  to  be  used  as  a  part  of 
the  reception  space  for  the  cement 
company  officers  and  employees  was 
built  of  attractive  concrete  units 
and  finished  inside  with  a  yellow, 
pleasing  textured  block.  On  the  op- 
posite side  of  the  building  was  a 
quite  elaborate  building  front  of 
concrete   units    done    in    gray    tones. 

SOME    COMMERCIAL    FEATURES 

The  Armory  also  contained  a 
number  of  individual  exhibits  of 
such  a  character  as  to  be  strongly 
supplementary  to  the  effort  made  by 
the  associated  cement  companies  to 
show  the  applications  of  concrete. 
Several  companies  making  ornamen- 
tal concrete  units  had  most  interest- 
ing and  pleasing  displays.  Sample 
walls,  columns  and  garden  orna- 
ments were  to  be  seen,  and  not  the 
least  interesting  thing  in  the  Ar- 
mory was  an  exhibit  of  concrete 
roofing  tile,  which  should  go  a  long 
way  toward  establishing  roofing  tile, 
which  has  been  one  of  the  backward 
products  of  the  industry. 
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The  Armory  exhibit  of  the  agri- 
cultural applications  of  concrete  was 
strongly  supplemented  in  the  Coli- 
seum by  unusual  emphasis  on  the 
concrete  silo.  A  number  of  the  lead- 
ing monolithic  silo  forms  were  ex- 
liibited ;  these  received  much  atten- 
tion from  strong  contracting  organ- 
izations, not  only  as  a  farm  struc- 
ture but  as  a  valuable  storage  unit 
for  bulk  materials,  such  as  sand, 
coal  and  grain.  The  unit  silo  was 
represented  by  blocks  and  staves, 
the  latter  being  shown  in  a  number 
of  exhibits.  Special  scaffold  equip- 
ment for  the  erection  of  unit  silos 
was  a  new  feature. 

The  number  of  concrete  mixers 
shown  was  probably  greater  than 
ever  before  but  with  the  exception 
of  the  pavers,  the  mixers  of  large 
size  were  not  much  in  evidence. 
Small  mixers  were  there  in  great 
variety  with  a  good  number  of  the 
10-ft.  size.  Attention  is  being  given 
to  increased  speed  in  charging  and 
delivery  and  to  automatic  water  sup- 
ply tanks,  for  it  is  becoming  evident 
that  extremely  short  mixing  time  is 
coming  to  be  looked  upon  with  dis- 
favor. 

A  testing  machine  in  the  Armory 
created  a  great  deal  of  interest. 
Daily  tests  of  concrete  were  made 
and  these  appealed  not  only  to  con- 
tractors, in  being  absolutely  convinc- 
ing as  to  the  relative  value  of  clean 
materials  and  dirty  materials,  but  to 
the  general  public,  and  the  dial  on 
the  testing  machine,  showing  the 
Iiigh  pressure  withstood  by  good 
concrete,  must  have  gone  a  long  way 
to  make  new  friends  for  the  mate- 
rial. 

Another  feature  of  tliis  year's 
Show  is  the  apparent  development  of 
interest  in  culverts  of  both  mono- 
lithic and  unit  construction.  With 
lumdreds  of  thousands  of  dollars 
being  spent  for  temporary  construc- 
tion of  culverts  in  the  roads  of  the 
U.  S.,  the  possibilities  for  the  man- 
ufacturers of  culvert  units  and  for 
the  contractor  on  monolithic  culverts 
evidentlj'  appealed  to  many  as  a 
promising  field.  Not  only  were  there 
interesting  exhibits  in  this  line  at 
the  Show  but  there  was  an  apparent 
demand  for  information  on  this  sub- 
ject, indicating  that  contractors  vis- 
iting the  Show  realized  the  oppor- 
tunities that  await  an  intelligent  de- 
velopment of  culverts  to  meet  the  in- 
creasing demand. 

There  was  perhaps  more  tlian 
usual  interest  in  burial  vaults  of 
concrete,  since  several  systems  of 
molds  for  their  manufacture  were 
available  for  investigation.  The  one 
thing   most   noticeable,    perhaps,    by 


its  absence  or  at  least  by  its  unob- 
trusiveness  was  the  small  block  ma- 
chine, indicating  quite  conclusively 
to  any  close  student  of  the  field  that 
the  day  of  the  "one-horse"  block 
factory  has  gone  by.  There  were 
several  exhibitions  of  improvements 
in  power  machinery  and  in  the  more 
elaborate  equipment  used  by  con- 
crete products  manufacturers  in 
making  building  units  and  several 
interesting  tampers,  but  the  block 
macliine  intended  for  backyard  op- 
eration was  absent.  There  were  im- 
pressive exhibits  of  steel  forms, 
gravel  handling  equipment  and  a 
steel  tower  and  concrete  spouting 
s\'stem. 

INTELLIGENT    APPEAL 

Taken  as  a  whole,  the  Show  was 
one  which  appealed  not  to  the  "small 
fry"  operator  at  all,  but  to  the  man 
who  is  entertaining  ideas  of  develop- 
ing a  good  business  and  a  large  bus- 
iness based  upon  sound  methods, 
economical  operation  and  big  results. 

While  the  shorter  duration  of  the 
Show  might  in  some  measure  ac- 
count for  the  larger  daily  attendance 
which  seemed  evident  throughout  the 
greater  part  of  each  day,  this  fea- 
ture is  more  than  offset  by  the  fact 
that  the  Show  was  scattered  over 
two  large  buildings  instead  of  being 
housed  in  one  building  alone,  so  that 
the  crowd  was  scattered.  For  the 
most  part  the  attendance  was  an  in- 
telligent one  with  a  large  percentage 
of  business-minded  men  who  came 
for  ideas  to  put  into  their  work. 

Another  j^ear  the  management  can 
make  life  more  enjoyable  for  the  vis- 
itors by  enforcing  the  rule  of  alter- 
nate half-hours  of  quiet  when  the 
machinery  is  not  operated.  It  seems 
possible  that  instead  of  making  a 
ruling  that  machinery  is  to  remain 
quiet  for  alternate  half-hours  and  to 
cease  running  on  the  ringing  of  a 
gong  some  measure  might  be  adopt- 
ed so  that  all  of  the  power  for 
the  machinery  might  be  shut  off  at 
one  controlling  switch  and  thus  ef- 
fectually enforce  the  quiet  in  these 
half-hour  periods  as  originally 
planned.  Another  year  the  manage- 
ment will  undoubtedly  find  a  way  to 
go  even  further  with  the  display  of 
the  products  and  tlie  actual  concrete 
work  of  the  field,  as  an  important 
supplement  to  the  exhibition  of  the 
machinery.  The  two  things  right- 
fully belong  together,  and  since  as 
this  magazine  has  already  mentioned 
the  Cement  Show  is  a  successful 
market-place  for  machinery,  tools 
and  raw  materials,  the  cxhihibition 
of  the  products  of  concrete  can  be 
relied  upon  to  make  the  Show  a 
more  effective  market-place. 
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Road  Conference  Considers  17  Committee 
Reports  and  Recommends  Practice 


The  Second  National  Conference 
on  Concrete  Road  Building,  held  at 
the  Auditorium  Hotel  in  Chicago, 
Feb.  15  to  18  inclusive,  completely 
justified  itself.  Like  the  first  of 
these  Conferences,  held  two  )'ears 
ago,  .1  large  amount  of  business  was 
Iiandlcd  in  a  short  space  of  time  and 
a  (luantity  of  dctailfd  work  was  ac- 
complislied  sucli  as  few  conventions 
can  boast.  That  there  was  a  real 
demand  for  such  a  Conference  was 
strongly  evidenced  by  the  attend- 
ance (total  registration  nearly  700) 
with  an  average  of  about  lOO  at  each 
session.  Cliairman  W.  F.  M.  Goss 
and  Secretary  .1.  P.  Beck  and  otiiers 
wlio  had  tlie  details  in  charge  cer- 
tainly deserve  gre;it  credit  for  tlie 
service  rendered  tlie  ))ublie  in  get- 
ting before  engineers  and  contrac- 
tors the  best  present-day  thouglit  on 
concrete  road  construction. 

At  the  opening  session  on  the  af- 
ternoon of  Feb.  1;>,  \Y.  F.  M.  Goss* 
made  an  address,  "The  National 
Conference  on  Concrete  Road  Build- 
ing," in  which  lie  recalled  tlie  his- 
tory of  the  organization,  something 
of  tile  work  done  by  the  First  Con- 
ference 2  j'ears  ago,  and  outlined 
what  the  Conference  hoped  to  do  in 
its  deliberations.  Otiier  addresses 
of  general  interest  and  considering 
mainly  the  subject  of  road  building 
from  the  standpoint  of  the  buying 
and  using  public  were  "The  Increas- 
ing Public  Interest  in  Road  Improve- 
ments," by  W.  G.  Edens-;  "Building 
America's  Highways,"  by  Henry  B. 
Joy^;  "Tlie  Value  of  Permanent 
Highways  for  National  Defense," 
by  Major  Amos  A.  Fries*;  "Main- 
tenance Bonds  for  Concrete  Roads." 
by  Edward  Hoopes^.  Addresses  at 
other  sessions  of  the  conference  were: 
"Motor  Haulage  and  Good  Roads," 
by  S.  M.  Williams':  "Concrete  High- 
ways Subjected  to  Extremes  of  Tem- 
perature," by  H.  S.  Van  Scoyoc'; 
"The      Development      of      Concrete 


=Pres.,  Illinois  Highway  Improvement  Assn. 
'Pres.,   Lincoln   Highway 
•Corps  of  Enjrs.,   War  Dept. 
'Fidelity  &  Deposit  Co.  of  Md. 
•Garford   Motor  Truck  Co. 
'Chf.     Engr.,     Toronto-Hamilton      Highway 
Comm. 
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Pavements  in  Southern  Cities — Ex- 
perience in  Macon,  Ga.,"  by  J.  J. 
Ga3'lord';  and  "The  Possibilities  of 
Concrete  Roads  in  Suburban  and 
Rural  Districts  Near  Large  Cities," 
by  F^ugcne  W.  Stern". 

Seventeen  committees  presented 
reports  on  various  pliases  of  concrete 
road  construction  and  while  these  re- 
ports represent  the  opinions  merely 
of  the  members  of  the  committees, 
since  the  reports  were  not  subject  to 
revision  by  the  Conference,  the  read- 
ing of  the  reports  in  almost  every 
case  was  followed  by  a  most  lively 
discussion,  participated  in  by  many 
of  tliose  in  attendance. 

Some  of  the  high  points  of  the 
Conference  as  affecting  practice  in 
road  construction  and  representing 
the  developments  of  the  last  two 
years  in  actual  experience  are,  brief- 
ly, as   follows: 

The  desirability  of  a  niucii  drier 
mixture  of  concrete  than  is  common- 
ly used  in  road  construction,  with  in- 
sistence upon  the  point  tiiat  there 
must  not  be  an  excess  of  water  at  the 
surface  of  the  pavement,  in  order  to 
get  the  best  results. 

There  was  emjihasis  on  the  desira- 
bility of  more  thorough  mixing  of 
tlie  material,  witli  mixing  to  continue 
for  a  minimum  of  one  minute  after 
all  of  the  ingredients  of  the  batch 
are  in  the  drum  of  the  mixer. 

In  general  there  was  some  apathy 
on  the  part  of  the  engineers  attend- 
ing the  Conference  on  the  subject  of 
reinforcing.  The  committee  on  re- 
inforcing reports  that  all  concrete 
roads  should  be  reinforced.  The 
Conference  consented  to  the  advice 
in  practice  set  down  by  the  commit- 
tee on  Resolutions  to  the  effect  that 
in  general  the  use  of  reinforcement 
is  justifiable.  However,  there  was 
a  most  lively  tendency  to  question 
the  advisability  of  recommending 
reinforcing  when  there  is  an  admit- 
ted lack  of  knowledge  as  to  how  the 
reinforcement  should  be  placed,  in 
what  quantity  it  should  'be  used,  and 
as  to  its  tendency  to  prevent  cracks 
in  concrete  when  it  is  used. 


•City  Engr.,  Macon,  Ga. 
'Chf.  Engr.  of  Highways,  Borough  of  Man- 
hattan, X.  Y. 


There  was  a  tendency  to  eliminate 
from  consideration  in  connection 
with  the  joints  of  concrete  roads  the 
metal  protection  plates  which  have 
commonly  been  used  in  the  past  to 
protect  these  joints. 

There  was  a  reinstatement  of 
cliutes  in  the  good  graces  of  road 
builders  when  properly  used  in  the 
delivery  of  concrete  from  the  mixer 
to  the  road  bed.  It  will  be  recalled 
in  this  connection  that  a  committee 
of  the  former  Conference  (1914) 
took  a  stand  against  the  use  of 
chutes  in  placing  concrete,  due  to  the 
fact  that  the  use  of  the  chutes  made 
necessary  so  wet  a  mixture  as  to  re- 
sult in  the  segregation  of  the  materi- 
als. It  is  to  be  noted,  however,  that 
neither  in  the  recommended  practice 
of  ipii  nor  in  the  revised  recom- 
mended practice  adopted  at  the  re- 
cent Conference  is  there  any  choice 
between  mixers  of  the  two  types. 
The  preference  for  the  boom 
and  bucket  in  delivering  concrete  to 
the  road  bed  was  expressed  two  years 
ago  in  the  report  of  the  committee 
on  mixing  and  placing  materials, 
wliile  the  committee  this  year  indi- 
cates a  preference  neither  for  one 
type  nor  the  other,  providing  there 
are  certain  precautions  in  each  case. 
For  instance,  in  the  use  of  the  chute 
in  delivering  concrete  the  committee 
believes  that  the  chute  should  have 
an  incline  of  20°,  while  in  the  use  of 
buckets  there  is  a  slight  indication 
of  preference  for  the  overturning 
type  of  bucket  rather  than  the  bot- 
tom-dump bucket  in  which  it  is  said 
tjiere  has  been  some  difficulty  report- 
ed by  a  i&w  contractors  from  stone 
or  other  pieces  of  aggregate  sticking 
between  the  blades  of  the  bucket  and 
preventing  closing  the  blades,  with 
the  result  that  the  mushy  part  of  the 
concrete  contained  in  the  bucket  is 
lost  before  the  greater  portion  of  the 
batch  is  deposited.  Given,  however, 
the  viscous  and  thoroughly  mixed 
concrete  which  both  Conferences 
have  recommended  there  should  be 
no  separation  of  materials.  The 
report  of  the  committee  as  to  bottom 
dumping  buckets  did  not  have  fur- 
ther emphasis  by  the  Conference  as 
a  whole.  Conservative  judgment  is 
on  the  side  of  withholding  any  fur- 
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ther  verdict  as  to  mixer  performance 
on  road  work  until  thorough  tests 
can  be  made  of  a  battery  of  mixers 
of  various  types.  This  would  afford 
a  competitive  demonstration  which 
none  of  the  investigating  committees 
has  j-et  had  the  advantage  of. 

In  addition  to  the  recommended 
practice  presented  by  the  committee 
on  Resolutions  and  adopted  with 
slight  revision  by  the  Conference, 
the  committee  on  Resolutions  also 
presented  as  a  part  of  its  report  re- 
solutions expressing  hearty  apprecia- 
tion of  and  thanks  for  the  services 
rendered  by  the  Chairman,  Dr.  W. 
F.  ISI.  Goss,  and  by  the  Secretary,  J. 
P.  Beck;  to  the  presiding  officers  of 
various  sessions  and  members  of  the 
Advisory  Committee  and  the  chair- 
men and  members  of  the  special  com- 
mittees, together  with  those  who  took 
part  in  discussions.  Special  thanks 
are  also  expressed  for  the  assistance 
given  by  the  Cements  Products  Ex- 
hibition Co.  in  defraying  numerous 
expenses,  including  the  publication 
of  the  proceedings. 

Resolutions  as  adopted  reiterated 
the  statements  of  the  previous  Con- 
ference to  the  effect  that  it  is  highly 
desirable  that  the  materials  available 
in  various  states  for  use  in  concrete 
should  be  examined  and  tested  as 
rapidly  as  possible  by  competent 
State  Geologists,  Universities  or  En- 
gineering Experiment  Stations  and 
that  the  Governors  and  Legislatures 
of  the  states  be  provided  witli  copies 
of  the  resolutions  of  the  Conference 
and  asked  seriously  to  consider  the 
great  necessity  for  making  adequate 
provision  and  appropriation  to  the 
proper  agency  for  the  prompt  in- 
auguration of  such  investigations. 

In  giving  the  proceedings  of  the 
Conference  to  the  public  special  at- 
tention is  called  to  the  fact  that  the 
readers  should  be  advised  to  read 
the  Recommended  Practice  in  order 
to  get  the  views  of  the  Conference, 
inasmuch  as  the  Conference  was  not 
in  every  case  in  harmony  with  the 
views  expressed  in  the  reports  of  the 
various  committees.  The  conclusions 
of  the  Conference  embracing  recom- 
mendations as  to  the  field  for  con- 
crete roads  and  the  new  recommend- 
ed practice  are  as  follows : 

FIELD    FOR     CONCRETE     ROADS 

0"in^  to  the  increase  of  population 
the.  travel  upon  rural  and  suburban 
roads  and  city  streets  has  incresaed  rap- 
idly in  recent  years,  and  this  increase  in 
travel,  tosrether  with  tlie  introduction  of 
the  automobile,  has  necessitated  the  de- 
velopment of  a  new  type  of  road  sur- 
face. Formerly  macadam  or  broken 
stone  roads  were  largely  used,  but  the 
increase  in  amount  of  travel  and  the 
new  conditions  imposed  by  the  automo- 
bile have  made  the  cost  of  maintenance 
of  such   roads  so   excessive   as   to   make 
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them,  in  many  cases,  an  economical  im- 
possibility. The  concrete  road  is  admir- 
ably adapted  to  meet  these  new  condi- 
tions. Concrete  roads  are  moderate  in 
first  cost,  low  in  maintenance,  smooth, 
hard,  dustless,  sanitary,  easily  cleaned 
and  not  slippery.  Tliey  are  suitable, 
first,  for  country  highways  where  the 
road  is  subjected  to  overflow  and  on 
hills  where  storm  water  necessitates  spe- 
cial gutter  construction  and  where  the 
macadam  road  surface  may  be  washed 
away  more  rapidly  than  worn  away;  and, 
second,  for  pavements  in  small  cities,  for 
outlying  streets  of  larger  cities  and  espe- 
cially for  all  streets  where  curbs  are 
not  required. 

OUTLINE    OF    COXCLUSIOXS 

The    salient    features   of   the    practice 
recommended  bv  the  Conference  are: 


1.  Drainage  of  the  road  bed  is  vital. 

2.  Sub-grade  must  be  of  uniform  den- 
sity and  should  be  compacted. 

3.  Aggregates  must  be  clean,  hard  and 
tough. 

4.  Fine   aggregates    (sand)    should   be 
coarse  and  well  graled. 

5.  A  rich  mixture  must  be  used. 

6.  Materials   must  be   accurately  pro- 
portioned. 

7.  Mixing  must  be  most  thorough. 

8.  Sloppy  concrete  must  not  be  used. 

9.  In    general,    the   use   of   reinforce- 
ment is  justifiable. 

10.  Inspection  must  be  intelligent  and 
thorough. 

11.  Concrete  must  be  protected   from 
rapid  drying. 

12.  Pavements  must  not  be  opened  to 
traffic  too  soon. 


Newly  Adopted  "Recommended  Practice"  in 
Concrete  Road  Construction 


RECOMMENDED    PRACTICE 

The  Second  National  Conference  on 
Concrete  Road  Building  adopts  the  fol- 
lowing principles  as  representing  good 
practice  in  the  construction  of  concrete 
roads  and  pavements: 

1 SUTERIALS 

Pnrtlnnd  Cement  —  Portland  cement 
shall  meet  the  requirements  of  the 
Standard  Specifications  for  Portland  ce- 
ment of  the  Am.  Soc.  for  Test.  Mat.  and 
tests  should  lie  made  in  accordance  with 
the  methods  of  tests  outlined  by  the  Am. 
Soc.  of  Civ.  Engrs. 

Agtiregates — The  selection  of  proper 
aggregates  for  concrete  road  construc- 
tion is  of  utmost  importance.  Clean, 
hard,  well  graded  materials  are  absolute- 
ly essential  to  success.  For  this  reason 
samples  of  the  materials  proposed  for 
use  should  be  submitted  to  the  engineer 
for  approval  before  orders  are  placed. 
These  samples  should  be  carefully  in- 
spected; and,  if  possible,  laboratory 
tests  made  to  determine  their  suitability. 
If  laboratory  tests  on  shipments  cannot 
be  made,  field  tests  can  be  used  to  fur- 
nish a  general  indication  of  quality. 

The  different  aggregates  should  be 
kept  clean   and  separate. 

Aggregates  to  be  used  in  the  wearing 
course  of  two-course  pavements  should 
never  be  placed  on  the  sub-grade  but  on 
planks  or  some  other  means  provided  to 
keep  them  free  from  dirt.  When  aggre- 
gates are  placed  directlv  on  the  sub- 
grade  care  should  be  used  by  the  shovel- 
ers  to  avoid  getting  clay  or  earth  shov- 
eled from  the  sub-grade  into  the  mix. 
Aggregates  should  not  only  be  clean 
when  they  are  delivered  on  the  job,  but 
clean  when  placed  in  the  mixer. 

Water — Water  supply  is  a  most  im- 
portant factor  and  is  frequently  over- 
looked by  the  engineer  and  contractor. 
A  large  supply  of  water  is  necessary  for 
(a)  sprinkling  the  sub-grade;  (b)  mix- 
ing the  concrete;  and  (c)  keeping  the 
concrete  moist  during  early  stages  of 
hardening.  For  this  latter  purpose 
25  gals,  to  30  gals,  per  sq.  yd.  of  pave- 
ment will  be  required  in  the  summer 
months.  Insufficient  sprinkling  is  detri- 
mental to  the  wearing  qualities  of  the 
pavement. 


Reinforcement — The  use  of  reinforce- 
ment in  concrete  pavements  is  increas- 
ing. A  coating  of  light  rust  will  not  be 
detrimental  to  satisfactory  results  but 
care  .should  be  exercised  that  no  exces- 
sive rust,  paint  or  other  coatings  are 
present  to  interfere  with  proper  bond. 
Care  should  also  be  exercised  to  see  that 
the  reinforcement  is  so  stored,  prior  to 
use,  that  it  is  not  covered  with  mud  or 
clay  when  placed  in  the  pavement.  Re- 
inforcement left  on  a  job  when  contract 
is  completed  at  the  end  of  the  season 
should  be  collected  and  stored  so  that  it 
is  protected  from  the  elyements.  Occa- 
sional tensile  anl  bending  tests  should 
lie  made  to  see  that  the  requirements  of 
the  specifications  are  fulfilled. 

Joint  Filler — Joint  filler  should  pref- 
erably be  of  a  single  thickness.  Trans- 
verse joint  filler  should  be  cut  to  the 
crown  of  the  pavement  by  the  manufac- 
turer when  metal  plates  are  used.  A 
type  of  joint  filler  which  will  iron  out 
readily  under  traffic  is  preferable  for 
use  in  unprotected  joints.  A  joint  filler 
which  will  not  Iiend  easiy  when  concrete 
is  deposited  against  it  is  to  be  preferred. 

Joint  Protection  Plates — Metal  -joint- 
protection  plates  .should  be  properly 
bundled  and  wired  by  the  manufacturer 
so  that  they  will  arrive  on  the  work  in 
good  condition,  free  from  warp.  Protec- 
tion plates  up  to  20'  should  be  shipped 
in  single  lengths.  The  exact  length 
should  be  provided  so  that  the  contrac- 
tor will  not  find  it  necessary  to  cut 
plates.  In  cutting  plates  for  length, 
spacing  between  eccentrics  on  the  in- 
stallation bar  should  be  considered  to 
avoid  interference  with  anchorage  lugs 
on  plates.  Particular  care  should  be 
used  by  the  manufacturer  in  crowning 
tlie  installing  bar,  to  avoid  the  necessity 
of  duplication  of  work  by  the  contrac- 
tor. 

2 ^DRAINAGE 

The  drainage  of  the  roadbed  is  of 
vital  importance.  If  the  sub-grade  is 
not  well  drained,  there  is  danger  of  un- 
equal settlement  or  frost  action,  which 
will  cause  cracks.  The  method  of  drain- 
age to  be  used  will  depend  on  local  con- 
ditions. For  roads  proper  drainage  may 
be  secured  through  lateral  ditches.  For 
streets,  as  well  as  roads,  tile  drains  may 
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be  used  which  should  be  hiid  on  each 
side  of  the  roadway,  or  on  one  side  only, 
with  cross-drains  leading  thereto  at  a 
suital)le  depth,  depcndinft  on  the  width 
of  the  pavement.  Drainape  trenches,  if 
placed  under  the  suh-ftrade,  should  be 
conii)leted   before  final    rolling. 

3 CHADISO 

When  roadways  arc  constructed  over 
fills  extreme  care  should  be  observed  to 
insure  the  use  of  proper  materials  in 
layers  of  sucli  thickness  tliat  they  may 
be  thoroughly  compacted  so  tliat  when 
the  fill  is  completed  tlierc  will  be  a  min- 
imum of  settlement.  In  general,  fills 
should  be  made  in  thin  layers,  the  depth 
depending  on  the  character  of  material 
to  be  usel  in  making  the  i'lW.  The  fill 
should  be  allowed  to  .stand  for  as  long 
a  time  as  possible,  giving  it  an  oppor- 
tunity to  settle  thorouglily  before  the 
pavement  is  placed  thereon.  Deep  fills 
should  lie  allowed  to  settle  throigh  one 
winter  wherever  such  procedure  is  pos- 
sible. Puddling  will  be  found  advan- 
tageous in  compacting  deep  fills.  Wet- 
ting and  rolling  should  be  performed 
when  making  a  fill  in  order  to  secure 
thorough  compactness.  Fills  .should 
never  l)e  made  with  frozen  materials  nor 
with  lumps  greater  than  H"  in  their 
greatest  dimension. 

4 Sril-OR.VDE 

The  fundamental  requirement  of  the 
sub-grade  is  that  it  should  be  of  uniform 
■density  so  that  it  will  not  settle  unevenly 
and 'cause  cracks  in  the  surface  of  the 
pavement.  No  part  of  the  work  is  more 
worthy  of  intelligent  caic  and  painstak- 
ing labor  than  the  preparation  of  the 
sub-grade.  The  slight  additional  cost 
necessary  to  insure  good  results  is  abun- 
dantly justifiable.  When  the  pavement 
is  constructed  on  virgin  soil,  care  should 
"be  taken  to  remove  all  soft  spots  so  as 
to  insure  a  uniform  densitv;  and  if  con- 
structed on  an  old  roadbed,  even  greater 
care  must  be  taken  to  .secure  uniform 
density,  as  the  sub-grade  is  likely  to  be 
more  compact  in  the  center  than  at  the 
sides.  An  old  roadbed  should  be  scari- 
fied, reshaped  and  rolled.  The  sub-grade 
adjacent  to  curbs  should  be  hand 
tamped. 

S — FORMS 

Metal  forms  of  sufficient  strength  to 
withstand  the  necessary  hard  usage  are 
preferred.  When  wooden  forms  are  used 
they  should  he  of  at  least  2-in.  stock 
and  capped  with  a  2-in.  angle  iron,  so 
constructed  that  adjacent  sections  can 
be  lapped.  Forms  should  have  a  width 
not  less  than  the  thickness  of  the  pave- 
ment at  the  sides.  Particular  care  should 
be  exercised  to  see  that  the  top  edges  of 
forms  are  clean  so  as  to  avoid  uneven- 
ness  in  the  finish  pavement.  If  forms 
are  warped  or  stakes  not  properly  placed, 
a  poor  alignment  of  the  edge  of  the 
•concrete  slab  will  result. 

6 P.WEJIEXT    SECTI0>r 

Thickness — The  thickness  of  a  concrete 
road  or  pavement  is  controlled  by  many 
factors,  each  of  which  should  be  given 
consideration.  In  view  of  the  increasing 
use  of  the  heavy  motor  truck  and  bus, 
it  seems  unwise  to  build  pavements  w-ith 
a  thickness  of  less  than  6"  at  any  point. 
In  general,  pavements  shall  he  thicker 
at  the  center  than  at  the  sides.  Alleys 
with  an  inverted  crown  and  narrow  one- 
slope  roads  should  have  a  uniform 
thickness.  Wherever  the  thickness  can 
be    increased   without   excessive   cost,    to 
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secure  a  flat  or  nearly  flat  sub-grade, 
such  increase  is  advisable. 

Width — The  desirable  width  for  single- 
track  road  is  10'.  The  desirable  width 
of  double-track  roads  is  W.  The  total 
width  of  the  roadway  should  not  be  less 
than  aC  for  single-track  roads  and  not 
less  than  2G'   for  doulile-track  roads. 

Crown — The  crown  of  roads  and  pave- 
ments should  be  not  less  than  y,oo  nor 
more  than  Vso  "f  ^'^  total  width.  Ex- 
cept in  unusual  cases,  l/jno  "'ill  ''c  suffi- 
cient for  country  roads  and  if,o  will  be 
considered  satisfactory  for  alley  pave- 
ments. For  city  streets  an  average 
crown  of  li^s  will  generally  be  found 
sufficient  and  should  not  be  reduced,  ex- 
cept on  grades. 

7 JOINTS 

Transverse  Joints — .Joints  should  he 
placed  across  the  pavement  ^lerpcndicu- 
lar  to  the  center  line  about  oO'  apart. 

There  seems  to  be  a  tendency  to  widen 
tlie  distance  between  joints. 

Joints  should  extend  entirely  through 
the  pavement  as  well  as  througli  the  curb 
if  integral  curbs  are  used.  .Toints  should 
lie  constructed  perpendicular  to  the  sur- 
face of  the  pavement  to  avoid  the  pos- 
sibility of  one  slab  rising  above  the 
other. 

Lonflitudinal  Joints  —  longitudinal 
joint  filler  should  be  staked  or  otherwise 
securely  held  against  the  curb.  Joint 
material  should  also  be  placed  around 
manholes,  catch-basins,  etc. 

Protected  Joints — The  tendency  of 
present  practice  is  toward  the  omission 
of  metal  protection  plates  for  joints.  It 
is  possible  that  the  value  of  metal  pro- 
tection plates  is  dependent  somewhat  on 
the  character  of  aggregate  used,  and  it 
is  considered  that  they  are  more  essen- 
tial in  street  pavements  than  in  country 
highways. 

Plates  —  Plates  for  protected  joints 
should  be  wired  together  with  the  joint 
filler  in  place  and  securely  held  in  the 
installing  bars.  When  short  sections  of 
joint  filler  are  used  they  should  likewise 
be  wired  together.  Supports  for  the 
joint  should  he  used  when  the  pavement 
is  of  such  width  tliat  the  installing  bar 
deflects.  On  wide  streets  every  joint 
should  be  checked  as  to  crown  with  sight- 
ing T's.  When  necessary  to  have  joint 
plates  in  two  sections,  the  contractor 
should  arrange  with  the  manufacturer  to 
have  holes  drilled  in  the  abutting  ends  of 
the  plates  .so  that  the  plates  may  be  se- 
curely wired  or  strapped  together.  .\s  the 
joint  plates  usually  do  not  fit  tight  to 
the  installing  bar,  a  Vi-in.  shim  is  placed 
under  each  end  of  the  installing  bar.  to 
insure  that  the  plates  are  not  covered  by 
the  concrete. 

S MIXIXG     AXD    PI.ACIXG     COXCHETE 

'Sleasurinri — The  method  of  measuring 
materials  for  the  concrete,  including 
water,  should  be  one  which  will  insure 
accurate  proportions  of  each  of  the  in- 
gredients at  all  times.  It  is  recommend- 
ed that  a  sack  of  Portland  cement,  con- 
taining 9+  lbs.  net,  be  considered  the 
equivalent  to  1  cu.  ft. 

Proportioning — The  proportions  should 
not  exceed  o  parts  of  fine  and  coarse 
aggregate,  measured  separately,  to  1  part 
of  Portland  cement,  and  the  fine  aggre- 
gate should  not  exceed  40%  of  the  mix- 
ture of  fine  and  coarse  aggregates. 

Aggregates — Bank-run  material  shall 
not  be  used.  Proportioning  based  on 
sieve  analysis  or  by  relative  density  tests 
is  not  practical  for  concrete  roads  ex- 
cept where  laboratory  direction  is  avail- 


able; but  where  proper  facilities  are 
available  the  above  proportions  should 
be  varied  as  the  tests  warrant. 

Mixing — -'nie  ingredients  should  be 
mi.xcd  in  a  l)atch  mixer  of  approved 
.style,  and  the  size  of  the  batch  should 
not  exceed  the  rated  capacity  of  the 
mixer.  The  mixing  should  be  continued 
for  at  least  1  min.  after  all  the  mate- 
rials arc  in  the  mixer  and  before  any  of 
the  concrete  is  discharged.  The  speed 
of  the  mixer  .should  not  exceed  16  r.  p. 
m.;  however,  the  time  and  not  number 
of  revolutions  should  be  the  gauge  of 
proper  mixing. 

Consistency — The  practice  is  to  inlx 
concrete  entirely  too  wet.  The  consist- 
ency should  he  such  as  not  to  require 
tamping,  but  not  so  wet  as  to  cause  the 
.separation  of  the  mortar  from  the  ag- 
gregate in  handling  and  placing.  The 
strength  and  wearing  qualities  of  the 
concrete  are  vitally  lessened  by  an  ex- 
cess of  water  in  mixing. 

Placing — If  the  sub-grade  has  been 
disturbed  by  teaming  or  other  causes,  it 
should  be  brought  to  its  former  surface, 
and  thoroughly  saturated  with  water. 
The  concrete  should  he  deposited  rapidly 
to  the  required  depth  and  width.  The 
section  should  he  completed  to  a  trans- 
verse joint,  without  the  use  of  interme- 
diate forms  or  bulkheads,  or  a  transverse 
joint  may  be  placed  at  the  point  of  stop- 
ping of  the  work.  In  case  the  mixer 
breaks  down  the  concrete  should  be  mixed 
by  hand  to  comjilete  the  section.  Where 
reinforcement  is  used  it  should  be  em- 
bedded in  the  concrete  before  the  con- 
crete has  begun  to  set;  and  the  concrete 
above  the  reinforcement  should  be  placed 
within  20  mins.  after  the  placing  of  the 
concrete  below. 

In  two-course  pavements  the  top  should 
be  placed  within  20  mins.  after  the  plac- 
ing of  the  bottom. 

Finishing — The  surface  of  the  concrete 
should  be  struck  off  by  means  of  a  tem- 
nal  and  transverse  motion.  The  excess 
material  accumulated  in  front  of  the 
template  should  be  uniformly  distributed 
over  the  surface  of  the  pavement  except 
plate  moved  with  a  combined  longitudi- 
near  the  transverse  joint,  when  the  ex- 
cess material  should  l>c  removed. 

The  concrete  adjoining  the  transverse 
joint  shall  be  dense  and  any  depressions 
in  the  surface  .shall  he  filled  with  con- 
crete of  the  same  composition  as  the 
bodv  of  the  work.  After  being  brought 
to  the  established  grade  with  a  template, 
the  concrete  should  be  finished,  from  a 
suitable  bridge,  with  a  wood  float  to 
true  surface.  .\  metal  trowel  should  not 
be   used. 

Brooming  of  the  surface  is  not  neces- 
sary and  grooves  are  objectionable  even 
on  grades. 

9 KETEMPERIXG 

Retempering  of  mortar  or  concrete 
which  has  partially  hardened,  that  is, 
mixing  with  additional  materials  or  wat- 
er, is  strongly  condemned  and  should  not 
be  permitted. 

10 PROTECTIOX    AX'D    CXTBIX'G 

Even  the  best  concrete  may  be  seri- 
ously damaged  by  too  rapid  drying  out, 
early  exposure  to  low  temperature,  or  by 
being  opened  to  traffic  at  too  early  a 
period.  Hot  sun  and  drying  winds  are 
most  liable  to  dry  out  the  concrete  too 
rapidly,  thus  causing  shrinkage  cracks  or 
causing  a  surface  which  will  not  wear 
well  under  traffic.  The  use  of  a  canvas 
covering  will  be  found  effective  in  over- 
coming this  condition. 
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Sprinkling  should  also  be  employed  as 
soon  as  the  concrete  is  hard  enough  to 
prevent  the  surface  from  being  pitted. 
An  earth  covering  or  protection  by  pond- 
ing should  be  employed  after  the  first 
day.  Under  most  favorable  conditions 
such  protection  should  be  given  the  pave- 
ment for  at  least  2  wks.  Water  should 
be  added  during  this  period  to  keep  the 
traffic  in  less  tlian  2  wks.,  and  when 
at  least  4  wks. 

In  cool  weather  it  is  often  advisable 
to  omit  the  earth  covering,  thus  allowing 
the  concrete  to  harden  more  rapidly. 
Sprinkling  should  not  be  omitted  during 
the  day  in  case  the  surface  shows  a 
tendency  to  dry  out.  When  there  is 
danger  of  frost,  sprinkling  should  be 
omitted  and  a  covering  of  canvas  or 
straw  and  canvas  used. 

Placing  concrete  in  roads  and  pave- 
ments in  temperatures  at  or  near  freez- 
ing is  not  advisable,  and  if  in  special 
cases,  such  work  is  unavoidable,  the 
water  and  aggregate  shoidd  he  heated 
and  fresh  work  protected,  and  precau- 
tion taken  to  protect  the  concrete  from 
freezing  for  at  least  10  das.  Chemicals 
to  lower  the  freezing  temperature  of  the 
mixture  should  not  be  used. 

Concrete  should  not  be  deposited  on  a 
frozen  sub-grade. 

11 OPENING    TO    TR.4FFTC 

Under  most  favorable  conditions  a  con- 
crete pavement  sliould  not  be  opened  to 
traffic  in  less  than  two  weeks  and  when 
conditions  permit  this  interval  should  be 
at  least  four  weeks. 

12 ONE-COUBSE    PAVEMENT 

Where  the  materials  most  readily 
available  are  such  as  to  give  good  con- 
struction in  one-course  pavement,  this 
convention  recommends  that  the  one- 
course  be  used. 

13 INTEGRAL    CURB 

The  integral  curb  for  concrete  street 
pavements  is  recommended  in  preference 
to  straight  curb  or  combined  curb  and 
gutter.  Such  construction  eliminates  the 
longitudinal  joint  along  curb,  maintains 
a  permanent  grade  and  alignment.  Pre- 
caution should  be  taken  to  insure  that 
the  curb  is  thoroughly  bonded  to  the 
pavement  proper.  The  integral  curb  can 
be  used  on  wide  as  well  as  narrow 
streets. 

11 SPECIFICATIONS 

Since  no  specifications  were  considered 
by  the  Conference,  the  Standard  Speci- 
fications for  Pavements  and  Roadways 
of  the  American  Concrete  Institute  are 
recommended. 

Report  of  Committee  1 — 
Drainage  and  Prepara- 
tion of  Sub-Grade 

Chairman,  Hector  J.  Hughes^; 
Clinton  Cowen-,  George  W.  Coo- 
ley^,  George  A.  Quinlan*,  Edward 
T.  Beck=. 

At  the  outset  this  committee  points 
out   that   every   piece   of   road   con- 
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struction  involves  problems  that  are 
complicated  by  local  conditions, 
financsial  as  well  as  physical,  which 
must  be  solved  each  one  by  itself. 
For  this  reason  the  committee  felt 
that  ail  it  could  do  was  to  consider 
ways  and  means  of  obtaining  as 
nearly  as  local  circumstances  will 
permit  and  at  minimum  expense  a 
dry  foundation  that  will  provide  uni- 
form bearing  power  for  the  pave- 
ment. While  it  is  generally  agreed, 
the  committee  reports,  that  moisture 
in  the  sub-grade  directly  under  the 
pavement  is  likely  to  be  destructive 
to  the  surface  in  several  ways,  chiefly 
because  of  unequal  vertical  move- 
ment caused  by  frost  action  or  un- 
equal swelling  or  shrinkage  of  the 
soil,  due  to  lack  of  uniformity  in 
drainage,  there  seems  to  be  no  unan- 
imity of  opinion  as  whether,  because 
perfect  drainage  is  hard  to  secure, 
it  is  cheaper  and  better  to  reinforce 
the  pavement  sufficiently  to  withstand 
the  stress  set  up  by  frost  action  of 
other  similar  movements  or  to  take 
additional  precautions  about  the 
drainage.  The  committee  points  out 
that  in  view  of  the  different  local 
conditions,  it  is  highly  lesirable  to 
spend  more  time  and  money  on  thor- 
ough preliminary  investigations,  and 
that  such  expenditures  are  a  real 
economy.  The  salient  points  brought 
out  by  the  committee  in  its  report 
are  stated  in  abstract  as  follows: 

Four  types  of  cross-section  for  the 
sub-grade  are  in  use:  (1)  Sub-grade 
crowned  parallel  to  the  concrete  wearing 
surface,  which  is  made  of  uniform  thick- 
ness. (2)  Sub-grade  crowned  somewhat 
less  than  the  concrete,  which  is  made 
thicker  at  the  center  than  at  the  sides. 
(3)  Flat  sub-grade,  all  the  crown  being 
given  by  varying  the  thickness  of  the 
concrete.  (4)  Dished  sub-grade.  The 
opinion  seems  to  be  gaining  ground  that 
the  last-mentioned  form,  the  slab  thick- 
ened at  the  center  and  built  on  a  flat 
or  dished  sub-base,  is  best  suited  to  re- 
sist cracking,  as  well  as  to  withstand 
heavy  loads.  Whatever  form  is  to  be 
used,  and  whether  the  surface  is  fin- 
ished smooth  or  rough,  the  sub-base 
should  he  made  of  uniform  texture,  so 
to  speak,  should  be  finished  true  to  the 
specified  outline,  and  should  be  kept 
free  from  holes,  tracks,  and  ruts  until 
the  concrete  is  laid. 

After  the  removal  or  destruction  of 
Ihe  perishable  matter,  the  surface  under 
new  embankments  should  be  roughened 
wherever  the  new  material  is  likely  to 
slide;  and  on  the  sides  of  old  embank- 
ments, or  side-hill  slopes,  well  defined 
steps  or  benches  should  be  made.  New 
earth  should  be  deposited  and  rolled  in 
layers  not  exceeding  1'  in  thickness,  and 
the  thickness  should  be  varied  according 
to  the  kind  of  material  available  and  the 
type  of  roller  to  be  used.  In  some  cases 
the  layers  should  be  as  thin  as  1"  or  2". 
In  general  a  self-propelled  roller  weigh- 
ing 10  tons  or  more  will  compact  the 
sub-grade  cheaply  and  effectively.  For 
some  kinds  of  soil  so  heavy  a  roller  is 
not  suitable,  and  better  results  can  be 
obtained   from  lighter  machines;   and  in 


[102] 


other  materials  better  results  can  be  at- 
tained by  the  use  of  grooved  rollers  or 
tamping  rollers,  because  the  wide,  smootl* 
rollers,  even  when  heavy,  span  over  the 
soft  spots.  During  rolling,  the  embank- 
ment should  be  kept  slightly  moistened. 

DRAINAGE 

Road  drainage  in  general  involves  the 
disposal  of  (1)  surface  water  flowing  ta 
the  road  from  outside  areas;  and  (2) 
rain  falling  on  the  road  itself;  and  often 
(3)  underground  water  from  outside 
areas.  Problems  of  road  drainage 
should  be  approached  with  the  funda- 
mental idea  that  to  be  effective  in  pro- 
tecting the  road  surface  a  drainage  sys- 
tem must  be  capable  of  acting  quickly. 
Underdrainage  is  of  necessity  slow  drain- 
age as  compared  with  surface  drainage; 
and  every  reasonable  provision  should  be 
made  to  dispose  of  surface  water  com- 
ing to  the  roadway  by  surface  drainage, 
and  to  keep  it  out  of  the  foundation. 
The  conditions  imposed  by  the  location 
often  make  it  necessary  that  surface 
water  shall  be  handled  by  imderground 
channels  or  even  underdrains;  but  ii> 
such  tases  the  underdrains  should  be  pro- 
portioned for  storm-water  capacity  and 
not  as  for  underdrainage  alone. 

If  the  roadbed  is  in  finely  divided,  re- 
tentive, water-bearing  soil,  some  system- 
of  underdrainage  should  be  devised  that 
will  permanently  lower  the  water  table 
Ijeneath  the  concrete,  and  keep  the  sub- 
grade  uniformly  dry  for  a  sufficient 
depth  to  eliminate  the  destructive  move- 
ments caused  by  freezing  and  thawing 
or  resulting  from  alternate  saturatioi> 
and  drying  of  the  soil.  Finely  divided 
material  is  in  itself  slow-draining,  and 
other  things  being  equal,  the  finer  the 
material  the  more  readily  will  water  rise 
by  capillarity.  Underdrains  in  such  soil 
necessarily  operate  slowly,  and  the  work 
required  of  them  should  be  diminished 
as  much  as  possible  by  other  expedients. 
The  kind  of  soil,  the  lay  of  the  land^ 
the  amount  of  water  and  other  local  con- 
ditions such  as  the  availability  of  suit- 
able materials,  will  determine  tlie  method' 
of  underdrainage  to  be  employed.  The 
choice  would  in  general  be  from  among 
the  following:  (a)  Pipes  of  vitrified  day 
or  cement  concrete  laid  in  trenches,  back- 
filled with  the  material  excavated  from 
the  trenches,  that  is,  "farm  drains."  (b) 
Pipes  laid  in  trenches  backfilled  with 
broken  stone,  gravel,  cinders  or  similar 
open  material,  (c)  Trenches  filled  with 
stone  or  gravel,  without  pipes,  "blind 
drains."  (d)  Layers  of  cinders,  gravel, 
broken  stone  or  similar  material  vary- 
ing in  thickness  from  a  few  inches  to- 
12"  or  15",  under  the  entire  road  surface, 
(e)  A  layer  of  similar  material  laid  in 
a  shajlow  longitudinal  trench  with  the 
cross-section  of  a  flat  letter  V,  and 
known  as  "V"  drains,  (f)  Two  or  more 
of  these  methods  used  in  combination. 

Of  the  three  types  of  trench  drains, 
a  pipe  covered  with  coarse  gravel  or 
similar  filling,  for  the  whole  depth  of 
the  trench,  is  the  most  effective.  It  will 
act  more  quickly  than  the  farm  drain, 
or  the  blind  drain;  has  more  capacity, 
other  things  equal;  and  it  serves  quickly 
to  take  care  of  that  part  of  the  surface 
water  that  in  most  cases  eventually  gets 
into  the  ground. 

Pipe  drains  smaller  than  4"  in  diam. 
should  not  be  used,  and  a  larger  size  is 
better.  Drains  should  be  given  as  much 
fall  as  feasible  to  facilitate  the  removal 
of  silt  and  to  increase  their  capacity. 
Water  will  flow  on  very  flat  grades,  but 
more  slowly,  and  in   general  drains  laid 
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on  a  flat  grade  will  not  lower  the  ground 
water  so  much,  nor  drain  so  large  an 
area  as  on  steeper  slopes.  The  depth  of 
<lrains  is  an  important  factor  in  deter- 
mining the  area  drained,  and  to  a  certain 
extent  the  uniformity  of  drainage.  In 
very  fine  soils  tlie  slope  of  the  ground 
water  table  toward  the  drains  must  be 
very  steep,  in  order  to  carry  off  the 
necessary  amount  of  water,  often  as 
steep  as  1  in  10,  and  occasionally  steep- 
er. Drains  should  be  laid  at  least  3'  6" 
to  3'  below  the  sub-grade,  and  4'  is  often 
better. 

Report  of  Committee  2 — 

Economical  Widths  of 

Pavement  and 

Shoulders 

Chairman,  J.  .T.  Co.x' ;  William 
W.  MARn-',  A.  .1.  Rockwood'',  Will- 
iam A.  Stinchcomb*. 

Committee  2  presented  recommen- 
dations on  economical  widths  of 
pavement  and  sliouldcrs,  in  whicli  tlie 
Conference  did  not  completely  con- 
cur, particularly  with  reference  to 
single  track  roads.  Briefly,  the 
committee  recommendations  were  as 
follows : 

Where  traffic  demands  a  hard-surfaced 
highway,  as  obtained  with  Portland  ce- 
ment concrete,  this  traffic  olso  demands 
a  douhle-track  road.  The  minimum  width 
of  concrete  roads  should  be  15',  with 
such  increase  in  width  as  is  demanded 
-■by  traflSc  conditions.  We  do  not  believe 
that  the  shoulders  should  be  presumed  to 
take  a  part  of  the  traffic  as  is  done  in  a 
great  many  instances.  Committee  recog- 
nizes that  sometimes  the  construction  of 
a  single-track  concrete  road  is  justifi- 
able, but  would  rather  consider  each  of 
such  Civses  as  exceptions  to  the  rule. 
Where  single-track  roads  are  construct- 
■cd  the  width  of  paving  .should  be  8'  to 
lO";  for  douhle-track  roads  15'  or  16'; 
for  triple-track  roads  23'  to  9V. 

Committee  believes  that  economy  can 
be  practiced  by  building  all  shoulders 
to  concrete  roads  from  the  native  soil. 
The  soil  will  permit  of  some  turnout 
traffic,  and  will  amply  provide  for  the 
maintenance  of  the  roadt)ed  under  the 
<-oncrete.  Where  shoulders  will  not  stand 
up  under  the  turnout  of  the  traffic  along 
fl  concrete  road,  an  additional  width  of 
concrete  is  demanded.  Recommend  that 
5'  be  the  minimum  width  of  shoulder 
and  that  no  width  less  than  4'  is  satis- 
factory under  any  conditions.  The  mini- 
mum width  of  any  road  grade,  even 
when  provided  with  a  single-track  con- 
crete road,  .should  be  20'.  The  wear  oc- 
curring at  the  junction  of  the  shoulders 
with  the  paved  surface,  which  forms  a 
rut  that  permits  the  collection  of  water, 
thereby  endangering  the  sub-base  of  the 
road,  can  be  prevented  to  a  great  extent 
by  constructing  a  vertical  edge  on  the 
concrete,  and  rounding  the  top  corner 
with  a   curve   having  a   radius   of   from 
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%"  to  1".  Then  the  shoulder  of  the 
road  will  not  lap  over  a  portion  of  the 
concrete,  therel)y  forming  a  thin  edge, 
wedge-shape  in  cross-section,  of  a  ma- 
terial which  will  not  bind  to  the  concrete 
and  which  dries  out  and  becomes  loose, 
when  it  is  not  in  a  condition  to  resist 
wear. 

The  use  of  such  materials  as  crushed 
stone  and  high-grade  gravel  to  surface 
the  .shoulders  of  a  concrete  road  are  un- 
economical. They  do  not  readilv  con- 
.solidate  under  the  light  traffic  to'  which 
they  are  subjected;  form  in  ruts  and 
prohil)it  perfect  surface  drainage,  and 
do  not  accomplish  the  i)urpose  desired. 
Neither  can  these  materials,  on  account 
of  their  location  at  the  outer  edge  of 
the  road,  be  bound  together  satisfactor- 
ily by  the  use  of  water  and  rolling  with 
a  road  roller,  as  in  the  case  of  macadam 
road  construction. 

Greater  economy  would  have  been  ob- 
tained by  putting  this  extra  expense  of 
constructing  metal  shoulders  into  extra 
widths  of  concrete.  The  only  exception 
to  tliis  statement  is  when  the  road  hap- 
pens to  be  so  located  that  a  good  con- 
solidating gravel  can  be  obtained  at  low 
cost. 

E.  W.  Stern,  N.  Y.  C,  believes 
tli.at  widths  of  15'  and  16'  are  not 
enough  for  double-track  roads.  He 
recommended  a  minimum  of  20', 
urging  that  it  is  much  more  expen- 
sive to  maintain  shoulders  than  to 
build  additional  widths  of  concrete. 

K.  H.  Talbot,  Pittsburgh,  urged 
that  S'  is  too  narrow  for  a  single 
track  and  that  10'  is  the  proper 
width.  In  maintaining  his  point  he 
said  tliat  in  communities  that  cannot 
afford  a  wide  road  and  must  build  a 
nvarrow  road  in  order  to  have  a  per- 
manent construction  at  all  they  can- 
not afford  the  high  maintenance 
which  is  necessary  to  keep  the  shoul- 
ders in  order  on  the  narrow  width 
of  highway. 

H.  J.  Kuelling.  Milwaukee,  re- 
ported that  while  Milwaukee  county 
had  built  many  roads  16'  wide,  this 
width  had  been  discontinued  and 
that  the  18-ft.  width  is  favored  for 
double-track  roads.  He  made  the 
point  that  on  a  road  where  the  daily 
traffic  amounts  to  about  3,000  ve- 
hicles, the  narrow  width  of  double 
track  road  is  much  more  dangerous 
than  on  a  busier  road  where  the 
traffic  is  as  high  as  5,000  per  da. 
With  greater  traffic,  driving  is  done 
more  carefully  than  with  fewer  ve- 
hicles. Where  it  is  common  to  drive 
in  the  middle  of  the  highway,  acci- 
dents are  more  apt  to  happen  in 
turning  out  on  a  narrow  width  of 
double-track  road.  Major  A.  A.  Fries 
said  that  in  the  vicinity  of  Los  An- 
geles a  great  many  roads  of  16- ft. 
width  have  been  built  and  that  they 
have  proved  rather  unsatisfactory 
where  there  is  a  very  large  motor 
traffic,  so  that  efforts  are  now  being 
made  to  increase  the  width  of  dou- 
ble-track roads  to  20'. 


George  A.  Rickcr,  New  York,  re- 
ported that  in  his  state  where  prac- 
tically no  single-track  roads  are  con- 
structed, the  law  will  not  permit  the 
highway  department  to  construct 
double-track  roads  wider  than  16' 
and  that  broken  stone  shoulders  6" 
deep  are  maintained  2'  to  .3'  wide  on 
each  side.  Edward  N.  Hines,  De- 
troit, said  that  Wayne  county,  Mich., 
had  built  roads  10'  wide,  12',  15', 
16'  and  18'  wide,  but  the  standard 
road  is  now  18'.  He  maintained  that 
a  12-ft.  road  is  dangerous  because 
of  the  expectation  on  the  part  of 
drivers  that  there  will  be  room  to 
pass  without  getting  off  the  concrete. 
He  said  that  the  experience  of 
Wayne  county  had  been  that  the 
maintenance  of  shoulders  would  ac- 
tually pay  for  a  greater  width  of 
concrete.  Mr.  Hines  said  that  in 
Wayne  county,  where  there  were 
about  40,000  automobiles  in  1915, 
the  9-ft.  road  is  economical  for  sin- 
gle-track highway,  although  10'  is 
better,  the  extra  foot  costing  about 
$1,000  per  mi.  He  recommended  a 
width  of  24'  for  triple-track  roads. 

Report  of  Committee  3 — 

Problems  of  Design, 

Thickness,  Crown 

and  Grade 

Chairman,  Ira  O.  Baker*; 
Thomas  H.  MacDonald",  H.  L. 
Bowlby',  Eugene  W.  Stern'',  R.  C. 
Hunt'. 

An  abstract  of  the  committee's  re- 
port in  its  more  important  recom- 
menations  is  as  follows: 

The  proper  thickness  of  a  concrete 
road  depends  to  a  material  degree  upon: 
(1)  The  climate.  (2)  The  width  of  the 
slab.  (3)  The  character  of  the  soil. 
(4)  The  thoroughness  of  both  the  sur- 
face and  under  drainage.  (5)  The  de- 
gree of  consolidation  of  the  sub-grade. 
(6)  The  proportions  and  quality  of  the 
concrete.  (7)  The  character  of  the  work- 
manship of  every  part.  (8)  The  care 
employed  in  curing  the  concrete.  (9) 
The  character  of  the  traffic.  These  fac- 
tors are  not  of  equal  importance,  and 
the  importance  of  any  one  item  may 
vary   considerably  with   local   conditions. 

Probably  all  that  can  ever  be  done 
toward  determining  a  working  rule  for 
the  thickness  of  a  concrete  road  slab  is 
to  accumulate  data  concerning  practice. 
In  this  connection,  it  should  not  be  for- 
gotten that  often  the  failures  are  more 
instructive  than  the  successes. 
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In  California,  part  of  which  state  is 
classed  as  semi-arid  and  part  as  arid, 
the  State  Highway  Commission  has  laid 
many  miles  of  concrete  roads  16'  and 
18'  wide  and  only  4"  thick,  which  have 
given  entire  satisfaction. 

In  Oregon,  a  state  that  is  chiefly  semi- 
arid,  many  miles  have  been  built  16' 
wide  with  a  thickness  of  HUi"  at  the 
sides  and  d^i-"  at  the  crown,  which  com- 
petent authority  pronounces  as  being 
satisfactory.  In  1914  3  mi.  of  16-ft. 
roadway  were  built  in  which  the  thick- 
ness at  the  sides  was  only  4"  and  that 
at  the  crown  only  5",  and  after  15 
mos.  use  this  road  is  in  excellent  con- 
dition. 

In  the  Mississippi  Valley,  tlie  general 
practice  seems  to  be  to  make  the  thick- 
ness 6"  at  the  side  and  7"  or  8"  (usually 
the  latter)  at  the  crown,  and  in  other 
respects  to  conform  to  the  specifications 
proposed  by  the  American  Concrete  In- 
stitute and  adapted  by  the  1914  session 
of  this  Conference.  Practice  is  so  vari- 
able in  the  different  elements  affecting 
the  thickness  of  tlie  slab,  that  it  is  im- 
possible to  discover  any  definite  relation- 
ship  between  thickness  and  width. 

A  country  road  need  be  crowned  only 
enough  to  "afford  lateral  drainage,  par- 
ticularly after  the  middle  is  worn  down 
somewhat;  while  on  a  city  street  with 
side  curbs,  the  crown  should  be  enough 
to  prevent  an  undue  portion  of  the  pave- 
ment from  being  covered  witli  water 
during  a  rain. 

The  crown  used  in  practice  for  con- 
crete roads  without  curbs,  varies  from 
li>4  to  %on  of  the  width,  without  much 
tendency  to  group  within  any  smaller 
limits.  For  concrete  pavements  with 
curbs,  the  crown  employed  in  practice 
varies  from  about  %o  to  I/J50  of  the 
width,  the  intermediate  values  being  used 
about  equally. 

The  standard  specifications  for  con- 
crete roads  ado]ited  by  the  1914  session 
of  this  Conference  call  for  a  crown  of 
y,00  of  the  width;  and  this  committee 
sees  no  reason  to  change  this  recommen- 
dation. However,  one  .member  of  the 
committee  believes  that  in  the  Mississippi 
Valley  a  crown  of  I/150  is  not  too  flat, 
and  another  member  believes  that  in  a 
warm  and  arid  region  a  crown  of  l^oo 
is  justifiable. 

"The  maximum  grade  permissible  for  a 
concrete  road  surface  depends  upon:  (1) 
The  climate.  (2)  The  character  of  the 
traffic.  (3)  fhe  finish  of  the  surface. 
In  a  humid  climate,  frost  or  ice  may 
render  a  concrete  pavement  slippery; 
but  in  an  arid  climate  this  difficulty  does 
not  occur.  The  ordinary  method  of  fin- 
ishing the  surface  of  a  concrete  pave- 
ment with  a  wooden  float  gives  a  sur- 
face having  a,s  good  a  foothold  as  wood 
or  sheet  asphalt.  The  surface  of  con- 
crete roads  or  pavements  is  sometimes 
grooved,  or  scored,  or  corrugated  to 
make  it  less  slippery;  but  tlie  practice 
is  believed  to  be  unwise,  since  the  cor- 
rugations weaken  the  slab.  In  the  arid 
regions,  a  few  concrete  roads  have  been 
built  with  10%  grades;  and  grades  of 
5%  and  6%  are  common  and  entirely 
satisfactory. 

In  the  Mississippi  Valley,  concrete 
roads  and  pavements  have  been  con- 
structed having  grades  as  high  as  7%  or 
8%;  but  the  usual  testimony  is  that  such 
pavements  are  slippery  even  when  there 
is  no  frost  or  ice.  In  a  humid  climate, 
a  grade  of  5%  or  6%  is  about  the  limit 
for  a  concrete  surface  finished  with  a 
wood  float.  However,  one  member  of 
the  committee  claims   that   a   7%    grade 
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is  not  slippery  in  Iowa,  and  cites  the 
case  of  a  12%  grade  on  a  main  street 
in  Platteville,  Wis.,  which  teamsters  pre- 
fer to  any  other  pavement  in  the  town. 

Report  of  Committee  4 — 
Aggregates  for  Con- 
crete Roads 

Chairm.\n,  D.  a.  Abr.vms^;  W. 
K.  Hatt-,  H.  S.  Mattimore",  A.  S. 
Rea*,  Charles  F.  Shoop". 

It  is  noteworthy  tliat  the  report  of 
the  committee  on  Aggregates  for 
Concrete  Roads,  while  representing 
one  of  the  most  important  considera- 
tions in  connection  with  concrete 
road  building,  prompted  less  discus- 
sion perhaps  than  several  other  com- 
mittee reports.  Whether  this  is  a 
compliment  to  the  thoroughness  of 
tlie  committee's  work  or  an  indica- 
tion of  uncertainty  about  moot  ques- 
tions can  only  be  surmised. 

A  development  is  the  more  general 
recommendation  that  coarser  stone 
should  be  used  in  concrete  road  con- 
struction than  formerly.  There  was 
a  division  of  opinion  as  to  whether 
the  maximum  size  of  stone  should  be 
llo"  or  2".  It  seemed  to  be  gen- 
erally felt,  however,  that  a  larger 
aggregate  makes  for  economy  and 
tliat  a  large  stone,  even  considerably 
larger  than  2",  if  pressed  into  the 
concrete  so  as  to  present  a  flat  sur- 
face to  wear  will  give  the  very  best 
kind  of  wearing  surface.  This  com- 
mittee stood  decidedly  against  the 
use  of  run  of  crusher  stone  or  run 
of  bank  gravel  or  other  ready  pre- 
pared mixes  of  fine  and  coarse  ag- 
gregate.    The  committee  held: 

Experience  has  shown,  other  fac- 
tors being  equal,  that  the  life  of  a 
concrete  road  depends  on  the  follow- 
ing qualities  of  the  aggregate:  Dur- 
ability of  particles  (toughness, 
strength,  hardness,  brittleness,  dens- 
ity, resistance  to  wear,  impact,  abra- 
sion, etc.)  ;  grading  (size  and  shape 
of  particles,  amount  of  voids,  etc.)  ; 
cleanness  (amount  and  character  of 
impurities)  :  miscellaneous  proper- 
ties (chemical  and  mineralogical 
compositions,  structure,  etc.)  These 
four  qualities  are  named  in  tlie  order 
of  their  importance. 

On  account  of  great  economies 
which  result  from  utilizing  fields  that 
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are  readily  available  and  the  absence 
of  well  developed  sources  of  supply 
in  many  localities  it  is  of  prime  im- 
portance that  all  aggregate  materi- 
als for  concrete  roads  be  tested  be- 
fore use.  The  report  goes  into  a 
consideration  of  tests  to  determine 
various  qualities  of  aggregates  and 
concludes  with  proposed  specifica- 
tions for  aggregates  for  one-course 
concrete  road  as  follows: 

PROPOSED      SPECIFICATIONS      FOR     AGGREGATES 
FOR   OXE-COrBSE    CONCRETE    nO.VDS 

Aiigregates — All  aggregates  used  shall 
confoi-m  to  the  requirements  of  these 
specifications.  Before  delivery  of  ma- 
terial at  the  site  of  the  work  the  con- 
tractor shall  submit  to  the  engineer  a 
sample  weighing  not  less  than  50  lbs.  of 
each  of  the  fine  and  the  coarse  aggre- 
gates proposed  for  use.  The  engineer 
shall  determine,  by  means  of  tests,  ' 
whether  or  not  said  samples  comply  with 
the  requirements  of  'these  specifications. 
The  acceptance  of  samples  shall  not  be 
construed  as  a  guarantee  of  acceptance 
of  other  lots  of  material  from  the  same 
source.  The  engineer  may  make  tests  on 
all  lots  of  aggregate  delivered  on  the 
work  in  order  to  determine  whether  or 
not  specification  requirements  are  met. 

Fine  Aflgreijate — Fine  aggregate  shall 
consist  of  natural  sand  or  screenings' 
from  hard,  tough,  durable  crushed  rock 
or  gravel  consisting  of  quartzite  grains 
or  other  equally  hard  material  graded 
from  coarse  to  fine,  with  the  coarse  par- 
ticles predomina.ting. 

Minimum  Strength  of 
Age  at  Test  1 :3  Fine  .\ggregate  Mortar 

72  hrs.  1.25  times  (A) 

7  das.  1.10  times  (A) 

28  das.  1.00  times  (.\) 

(A)  equals  the  strength  of  1:3  standard 
Ottawa  sand  mortar  specimens  of  same  form 
and  size,  of  similar  plasticity,  made  by  thfr 
same  operator  using  the  same  cement. 

^Mr.  Mattimore  voted  "no"  on  the  inclusion 
of  screenings  under  the  specification  for  fine 
aggregates,  and  "no"  on  the  value  of  1.10- 
for  the  ratio  of  the  strength  of  fine  aggre- 
gate mortars  to  standard  Ottawa  sand  mor- 
tar at  the  age  of  7  das. 

'The  No.  48  sieve  has  openings  of  the  same- 
size  as  the  usual  No.  50  sieves 

Fine  aggregate,  when  dry,  shall  pass 
a  sieve  having  4  meshes  per  lin.  in.; 
not  more  than  90%  nor  less  than  50% 
shall  be  finer  than  a  sieve  having  8 
meshes  per  lin.  in.  N'ot  more  than  20% 
shall  be  finer  than  a  sieve  having  50' 
meshes  per  lin.  in.,  and  not  more  than 
5%  shall  be  finer  than  a  sieve  having 
100  meshes  per  lin.  in.  The  above-men- 
tioned percentages  shall  be  computed  on 
the  basis  of  weight.  Fine  aggregate 
shall  contain  no  vegetable  or  other  dele- 
terious materials,  and  not  more  than  3% 
of  clay  or  loam,  by  w^eight. 

Fine  aggregates  which  give  a  mortar 
strength  equal  to  or  higher  than  the  min- 
imum value  at  any  of  the  ages  named 
below,  shall  be  considered  as  fulfilling 
the  mortar  strength  requirements  of  this 
.specification. 

The  tests  shall  be  made  on  mortars 
composed  of  1  part  Portland  cement  and 
3  parts,  by  weight,  of  fine  aggregate  or 
standard  Ottawa  sand.  The  test  speci- 
mens shall  be  made,  stored  and  tested  in 
the  same  manner.  .All  mortar  strength 
tests  shall  be  made  under  laboratory  con- 
ditions, in  accordance  with  recognized 
standards.  Each  value  shall  be  the  av- 
erage from  tests  of  not  fewer  than  three 
specimen.s. 

Coarse   Aggregate  —  Coarse    aggregate 
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shall  consist  of  clean,  hard,  tough  and 
durable  crushed  rock  or  gravel.  Coarse 
aggregate  shall  contain  no  vegetable  or 
other  deleterious  matter,  and  shall  be 
free  from  soft,  flat  or  elongated  parti- 
cles. 

Coarse  aggregate  shall  be  graded  from 
3"  down.  The  coarsest  particles  shall 
pass  a  2-in.  round  opening.  Not  more 
than  5%,  by  weight,  shall  be  finer  than 
a  sieve  having  4  meshes  per  lin.  in. 

Readij-'Mixed  Ar/greflntes — R  u  n  -  o  f  - 
crusher  stone,  run-of-bank  gravel,  or 
other  ready-prepared  mixes  of  fine  and 
coarse  aggregates,  shall  not  be  used. 

In  connection  with  the  field  inspec- 
tion of  concrete  aggregate  the  com- 
mittee's ideas  in  abstract  are: 

Field  inspection  of  concrete  aggre- 
gates is  understood  to  include  visual  in- 
spection and  all  determinations  whicii 
can  be  made  by  means  of  the  physical 
senses  and  such  apparatus  as  may  be 
found  ready  at  hand  or  conveniently 
carried  about.  It  is  recognized  tliat  the 
value  of  field  inspection  depends  entirely 
upon  the  experience  and  training  of  the 
individual  making  such  inspection.  Ele- 
ments of  field  inspection  include:  A 
careful  examination  of  the  surroundings 
from  which  a  material  comes  and  an  in- 
spection of  tlie  operation  of  the  plant 
producing  it  frequently  furnish  valuable 
guides.  .\  sand  wbi<'h  consists  largely 
of  soft  particles,  or  is  too  fine,  or  con- 
tains a  large  percentage  of  impurities 
may  properly  be  rejected  on  the  basis 
of  field  inspection. 

The  grading  of  aggregates  with  refer- 
ence to  the  amounts  parsing  certain 
sieves  can  be  determined  roughly  by 
means  of  a  set  of  portable  sieves.  A 
visual  inspection  will  reveal  the  presence 
pf  large  amounts  of  clay,  loam  or  soft 
pebbles  in  a  shipment  of  gravel,  and  will 
indicate  whether  or  not  the  material  de- 
viates  largely   from   the   proper   grading. 

A  fairly  exact  determination  of  clean- 
ness of  sand  may  he  made  in  the  field  by 
filling  a  cylindrical  glass  jar  or  bottle 
about  half  full  of  sand  and  adding  suffi- 
cient water  to  cover  the  sand  to  a  depth 
of  0"  or  3",  closing  for  a  few  seconds, 
then  shaking  and  allowing  the  suspended 
material  to  settle  on  top  of  the  sand. 
The  length  of  time  required  for  the 
water  to  become  clear  and  the  depth  of 
the  deposit  on  tlie  surface  of  th»  sand 
give  a  measure  of  the  foreign  material 
present.  This  method  sometimes  fails  in 
the  tests  of  sands  which,  on  account  of 
the  color  or  grading,  do  not  show  a  line 
of  separation  between  the  silt  and  sand. 
It  s;liould  be  noted  that  the  results  of 
thi^;  test  cannot  be  compared  directly 
witli  those  obtained  by  the  usual  labora- 
tory methods  made  on  the  basis  of  the 
loss  of  weight. 

Certain  engineering  organizations  have 
provided  their  field  inspectors  with  out- 
fits consisting  of  two  or  three  sieves,  a 
gla.ss  graduate,  rule,  etc..  which  in  the 
hands  of  intelligent  men  may  be  ex- 
pected to  give  fair  indications  of  the 
quality  of  concrete  aggregates. 

While  the  evidence  of  field  inspection 
and  tests  should  never  be  overlooked,  it 
is  generally  recognized  by  progressive 
engineers  that  such  tests  are  not  suffi- 
cient for  the  purpose  of  discriminating 
among  several  lots  of  available  mate- 
rials, all  of  which  may  be  of  a  good 
grade.  Differences  in  the  gradine,  liard- 
ness.  silt  content,  etc..  of  sands  exert 
such  an  important  influence  on  the 
strength,   durability   and   water-tightness 
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of  concrete  that  the  selection  of  suitable 
aggregates  cannot  properly  be  left  to 
makeshift  methods.  .Most  engineers  are 
now  agreed  as  to  the  importance  of 
properly-made  laboratory  tests  for  de- 
termining the  relative  value  of  aggre- 
gates for  use  in  concrete  roads. 

Report  of 'Committee  5 — 
Handling-  and  Haul- 
ing Materials  and 
Water  Supply 

Chairman,  T.  R.  Ago';  H.  G. 
Shirley-,  Edward  N.  Hines^,  R.  N. 
Waid*,  E.  H.  Cowan^ 

The  committee  held  that  there  has 
now  been  sufficient  experience  in  the 
construction  of  concrete  roads  and 
])avcments.  under  diverse  climatic 
and  topographical  conditions,  to 
make  possible  some  fairly  definite 
conclusions  as  to  methods  of  hand- 
ling and  hauling  materials,  and  that 
these  methods  are  very  important  as 
representing  a  large  item  of  cost  and 
that  not  only  the  cost  of  hauling 
itself  is  important  but  the  efficiency 
of  hauling  methods  will  to  a  certain 
extent  limit  the  efficiency  of  other 
parts  of  the  concreting  organization. 
The  whole  work  hinges  on  the  capa- 
city of  the  mixer,  and  it  is  therefore 
important  that  an  adequate  supply 
of  material  be  maintained  so  that  the 
mixer  will  work  to  full  capacity. 

One  consideration  strongly  empha- 
sized by  the  committee  is  the  fact 
that  high  prices  are  paid  to  secure 
clean  aggregate  and  then  hauling 
conditions  are  such  that  the  materi- 
als are  placed  on  the  roadbed  in  such 
a  way  that  much  of  the  material  be- 
comes mixed  with  the  dirt,  which 
causes  great  loss  of  quality.  The 
committee  points  out  that  it  is  ex- 
tremely poor  economy  to  employ  a 
method  of  handling  and  hauling  that 
exposes  the  material  to  the  possibil- 
ity of  becoming  mixed  with  foreign 
material. 

The  committee  also  points  out  that 
inasmuch  as  increasing  attention  is 
being  paid  to  proper  proportioning 
of  the  aggregate  for  concrete  road 
and  pavement  construction  it  becomes 
important  that  in  handling  the  ag- 
gregate a  method  shall  be  adopted 
which  will  simplify  and  facilitate 
this  exact  proportioning.  Emphasis 
was  also  put  upon  the  fact  that  some 
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methods  of  handling  materials  result 
in  considerable  damage  to  the  sub- 
grade,  inasmuch  as  hauling  repre- 
sents a  very  large  item  of  cost,  par- 
ticularly when  the  haul  exceeds  2 
mi,  to  3  mi,  it  is  important  that  most 
careful  consideration  be  given  to  va- 
rious methods  of  getting  the  mate- 
rial onto  the  work.  There  are  four 
types  of  equipment  avaihable,  horse- 
drawn  vehicles,  motor  trucks,  steam 
or  gas-tractor  trains  and  industrial 
railways.  The  report  of  the  commit- 
tee on  these  various  methods  of 
handling  materials  is  given  in  ab- 
stract form  as  follows,  together  with 
a  summary  covering  the  major  points 
of  the  report: 

Team  Hcmling — Team  hauling  has  been 
so  universally  employed  that  its  cost  and 
limitations  are  well  understood.  No  oth- 
er type  of  equipment  is  as  well  adapted 
to  work  in  congested  districts  and  under 
diverse,  but  well  defined  physical  limita- 
tions. If  materials  must  l)e  hauled  from 
a  congested  freight  yard  through  a  con- 
gested business  district,  and  finally  out 
over  unimproved  earth  roads  with  an  in- 
different or  poorly  maintained  trackway, 
no  type  of  equipment  is  so  well  adapted 
to  requirements  as  the  horse-drawn, 
bottom-dump  wagon.  The  cost  of  haul- 
ing under  such  conditions  will  inevitably 
be  high,  and  the  range  of  economical 
operation  is  limited  to  about  2  mi. 

Motor  Trucks — Motor  trucks  are  sec- 
ond to  teams  in  adaptability  to  diverse 
conditions.  So  long  as  a  suitable  track- 
way is  provided  they  can  operate  any- 
where that  a  team  can  go,  but  if  an  in- 
different trackway  is  maintained,  and  if 
the  hauling  must  proceed  over  the  sub- 
grade,  the  damage,  especially  following 
wet  weather,  is  likely  to  be  considerably 
greater  than  when  teams  are  used.  From 
the  standpoint  of  cost,  it  seems  probable 
that  where  teams  can  haul  three  2-yd. 
loads  per  day,  it  will  be  more  economical 
to  use  teams  than  motor  trucks.  If  the 
haul  is  long  and  the  speed  of  the  truck, 
therefore,  becomes  an  important  factor, 
it  seems  probable  that  the  truck  designed 
for  a  3-ton  load  and  for  high  speed  will 
prove  more  economical  than  the  heavj', 
slower-moving  truck.  A  truck  of  this 
size  also  has  the  advantage  that  it  is  less 
hampered  by  adverse  roadway  conditions 
than  is  the  heavier  truck.  The  3-ton 
truck  can  be  counted  on  for  an  average 
of  at  least  id  mi.  per  da.,  and  under 
favorable  weather  conditions  will  make 
60  mi.  per  da.  Successful  operation  of 
the  motor  truck  depends  upon  the  phy- 
sical conditions  being  satisfactory,  and. 
to  a  very  great  extent,  upon  the  skill 
and  care  of  the  driver.  If  handled  care- 
fully, it  is  exceedingly  dependable  and 
the  operating  and  maintenance  costs  are 
reasonable;  but  if  handled  carelessly, 
both  operating  and  maintenance  costs 
will  be  excessive. 

Tractor  Trains — Tractor  trains  have 
been  used  extensively  for  hauling  road 
materials  but  are  less  adapted  to  diverse 
conditions  than  the  motor  truck  or  horse- 
drawn  wagons.  The  tractor  is  slow-mov- 
ing and  the  capacity  per  outfit  is  rela- 
tively small  since  only  a  limited  number 
of  trips  can  be  made  per  da.  Three 
mi.  per  hr.  is  about  the  best  speed  that 
can  be  expected  with  the  tractor.  The 
load  that  can  be  hauled  will  vary  with 
the   stability   of  the   road,   but   will   not 
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exceed,  under  the  most  favorable  condi- 
tions, about  25  tons.  The  weight  of  the 
truck  should  not  be  too  great  on  account 
of  possible  damage  to  the  roadway;  a 
train  of  several  moderate^ized  units  is 
better  than  a  few  large  units.  The 
weight  of  the  truck  and  load  should  pref- 
erabl  be  less  than  6  tons  and  even  for 
trucks  of  this  weight  the  wheels  should 
be  at  least  6"  wide. 

Adverse  weather  conditions  affect  the 
economy  of  tractor  hauling  very  mate- 
rially, since  the  tractor  cannot  travel  on 
soft'  or  slippery  roads.  The  damage  to 
the  sub-grade  and  shoulders  will  be 
greater  with  this  equipment  than  with 
any  other  type  because  of  the  weight  of 
the  machine  and  the  room  required  for 
maneuvering.  The  cost  of  hauling  with 
this  type  of  equipment  ranges  from  10 
cts.  to  30  cts.   per  ton  mi. 

Industrial  Railroad  —  The  industrial 
railroad  is  adapted  to  work  where  the 
haul  exceeds  2  mi.  and  where  the  facili- 
ties for  unloading  the  materials  are  such 
as  to  permit  adequate  switching  facili- 
ties and  ample  storage  bins. 

The  industrial  railroad  has  the  advan- 
tage of  being  little  hampered  by  unfav- 
orable weather  conditions,  and  of  being 
capable  of  considerable  variation  in  ca- 
pacity without  great  additional  expense. 
The  item  of  expense  that  is  greatest  is 
the  cost  of  track  and  as  soon  as  track  is 
provided  for,  the  number  of  trains  op- 
erated can  be  varied  considerably  by 
varying  the  number  of  cars  and  locomo- 
tives. The  capacity  of  such  an  outfit  is 
also  limited  to  some  extent  by  topo- 
graphical conditions,  since  the  geared 
locomotive  must  of  necessity  be  used 
where  the  grades  exceed  about  4%,  and 
a  locomotive  of  this  t^'pe  travels  slowly. 
Where  the  grades  are  less  than  4%,  and 
especially  where  they  are  less  than  2%, 
industrial  railway  trains  can  be  depend- 
ed upon  for  8  mi.  per  hr.  as  an  average 
throughout  a  season.  The  size  of  train 
will,  of  course,  depend  upon  the  grades, 
but  ranges  from  20  tons  to  40  tons.  The 
cost  of  hauling  with  this  equipment 
ranges  from  6  cts.  to  15  cts.  per  ton  mile. 

HANDLING    AGGREGATES 

Unloading  from  Cars — It  is  highly  de- 
sirable, as  has  been  already  noted,  that 
there  be  available  at  all  times  an  ade- 
quate supply  of  aggregates,  and  since 
railroad  delivery  is  almost  certain  to  be 
somewhat  erratic  at  times  some  storage 
facilities  must  be  provided.  For  small 
work,  that  is,  a  fe%v  miles  in  a  place, 
materials  may  be  stored  by  unloading 
from  the  cars  directly  into  a  storage 
pile  and,  when  sufficient  reserve  is  on 
■fiand,  the  remainder  of  the  materials  can 
be  hauled  directly  from  the  cars.  The 
■storage  pile  will  be  hauled  from  only 
when  car  shipments  fail.  If  any  method 
of  hauling,  except  teams,  is  employed, 
such  a  storage  pile  is  unsatisfactory  be- 
cause of  the  high  cost  of  reloading.  For 
mechanical  haulage  of  any  kind,  storage 
bins  of  sufficient  capacity  to  hold  at  least 
two  railroad  carloads  of  aggregates  are 
the  economical  arrangement.  On  work 
involving  several  miles  of  concrete  roads, 
the  aggregates  are  preferably  unloaded 
from  the  cars  into  the  storage  bins, 
either  by  a  locomotive  crane  with  clam- 
shell bucket  or  by  dumping  from  the 
railroad  cars  into  a  track  hopper  and 
elevating  the  aggregates  to  storage  bins 
by  means  of  a  bucket  elevator  or  belt 
conveyor.  The  materials  can  then  be  dis- 
charged into  the  trucks  or  industrial  rail- 
way cars  through  spouts  in  the  bottom 
of  the  bin.    The  cost  of  unloading  aggre- 
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gates  by  hand  is  about  10  cts.  per  ton 
and  the"  cost  of  unloading  by  means  of 
the  locomotive  crane  or  the  bucket  ele- 
vator will  range  from  4  cts.  to  8  cts.  per 
ton.  Storage  in  bins  is  much  preferable 
to  storage  in  piles  on  the  ground  unless 
the  storage  piles  are  placed  on  a  plank 
platform. 

Feeding  the  Mixer — Requirements  for 
this  work  are  governed  to  a  large  extent 
by  the  desire  to  secure  uniformity  in 
proportioning;  but  if  any  system  is  used 
which  involves  dumping  the  materials  on 
a  sub-grade  or  on  the  shoulders,  best 
practice  is  to  require  that  they  be  placed 
on  wooden  platforms.  Industrial  rail- 
road cars  can  be  arranged  so  as  to  dump 
directly  into  the  mixer,  thus  eliminating 
all  possibility  of  dirt  becoming  mixed 
with  the  aggregates,  and  also  insuring 
uniformity  in  the  batches.  The  indus- 
trial railroad  cars  are  divided  by  parti- 
tions into  two  compartments  of  suitable 
size  for  the  sand  and  stone  so  that  a 
proper  quantity  of  each  for  one  batch 
will  be  placed  in  each  car.  Cement  is 
hauled  on  flat  cars  so  that  each  train 
load  of  aggregates  includes  all  materials 
necessarj-  for  the  concrete. 

Report  of  Committee  6 — 
Organization  of  Con- 
creting Crew 

Chairman,  H.  P.  Gillette^;  E. 
I.  Cantine-,  Wm.  F.  McVAUGH^ 
Walter  Buehler*,  O.  T.  Dunlap^. 

The  committee  pointed  out  that 
four  factors  of  operation  influence 
progress  of  the  work  in  concreting 
and  that  all  of  the  four  operations 
must  be  well  in  hand  and  the  organ- 
ization based  upon  all  four  of  them 
operating  in  relation  to  each  other. 
First,  there  is  the  quarry  and  the 
crushing  plant  or  other  supply  of 
concrete  aggregates,  (2)  the  motor 
trucks  or  other  means  used  to  de- 
liver the  materials  on  the  road,  (3) 
the  pumping  plant  which  must  sup- 
ply the  large  quantity  of  water  used 
not  only  on  the  sub-grade  but  in  the 
concrete  and  in  curing  the  road,  and 
(4)  the  mixer,  which  is  the  central 
unit  in  the  actual  concreting  opera- 
tions. Let  any  one  of  the  first  three 
go  wrong  and  the  last,  the  mixer, 
must  shut  down.  The  committee 
pointed  out  the  value  of  a  dispatcher 
who  make^  his  headquarters  at  the 
source  of  supply  of  the  materials, 
who  will  see  to  it  that  the  contrac- 
tors for  sand,  rock  or  gravel  live  up 
to  their  agreements  and  that  cars  are 
at  hand  when  needed  to  send  mate- 
rials forward.    It  is  pointed  out  that 
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practically  all  the  delays  in  concrete 
road  work  aside  from  those  resulting 
from  weather  conditions  are  due  to 
irregular  arrival  of  materials  needel 
in  the  work. 

The  committee  pointed  out  the  im- 
portance of  having  someone  assigned 
to  the  work  of  seeing  that  teamsters 
and  truck  drivers  place  accurately 
the  piles  of  materials  which  are 
brought  in,  so  that  no  subsequent 
moving  of  the  materials  will  be  nec- 
essary. Further  than  this  it  is  im- 
portant to  see  that  the  loads  are 
practically  uniform  in  size. 

In  taking  up  a  consideration  of 
the  organization  of  the  concreting 
crew  as  influenced  by  physical  condi- 
tions on  the  work,  the  committee 
names  five  points  for  the  contractor's 
consideration  before  he  decides  def- 
initely on  just  how  much  work  he 
can  count  upon  from  a  mixing  crew 
of  given  size.  These  five  points  are 
as  follows:  Placing  of  materials, 
experience  of  men,  width  of  streets, 
obstruction,  such  as  car  tracks,  char- 
acter of  sub-grade. 

The  committee  mentions  that  the 
placing  of  the  sand  and  gravel  should 
be  so  arranged  that  the  piles  will  not 
be  too  near  the  mixer  and  in  having 
the  materials  properly  spaced  it  must 
be  remembered  that  the  number  of 
square  yards  that  a  mixing  crew  of 
an}-  size  is  capable  of  laying  varies 
inversely  as  the  distance  of  the  mate- 
rials from  the  mixer.  If  the  mate- 
rials are  too  near  the  mixer,  how- 
ever, there  is  confusion  at  the  hop- 
per, where  there  is  insufficient  room 
for  men  to  pass  with  loaded  and 
empty  wheelbarrows. 

In  connection  with  the  experience 
of  the  men  it  has  been  found  advis- 
able to  use  a  few  extra  men  on  the 
aggregate  at  the  beginning  of  the 
job  if  the  crew  is  inexperienced.  The 
extra  men  are  usually  shovelers  to 
load  the  wheelbarrows  for  the  wheel- 
ers. Some  contractors  so  arrange 
their  crews  as  to  have  some  men 
loading  and  others  doing  the  wheel- 
ing, while  another  plan  is  to  have 
the  men  load  their  own  wheelbar- 
rows, giving  each  man  a  variety  of 
work. 

As  to  the  -ividth  of  the  street  a 
greater  yardage  of  concrete  can  be 
laid  on  wide  streets  than  on  narrow 
streets  with  a  crew  of  given  size.  It 
was  found  by  an  investigation  of  a 
number  of  jobs  that  this  increase  is 
regular  from  a  IS-ft.  street  up  to  a 
30-ft.  street.  On  a  13-ft.  street  the 
average  daily  yardage  was  600  sq. 
yds. ;  a  24-ft.,  750  sq.  yds. ;  a  25-ft., 
850  sq.  yds.;  a  27-ft.,  917  sq.  yds., 
and  a  30-ft.,  950  sq.  yds.  In  spite 
of  this  fact  investigation  failed  to 
show  that  contractors    reduced    the 
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size  of  their  crews  at  the  mixer  on 
narrow  roadways.  No  exact  figures 
were  obtained  but  some  of  the  con- 
tractors seem  to  feel  that  they  had 
experimented  with  smaller  sized 
crews    unsatisfactorily. 

In  tlic  matter  of  obstructions  on 
the  roadw.iy,  such  as  car  tracks,  it  is 
found  that  labor  charges  per  sq.  yd. 
of  pavement  are  higher  on  such 
streets,  as  the  passing  of  cars  tends 
to  disorganize  the  work.  It  has  been 
the  experience  of  one  contractor  that 
when  concreting  is  done  on  a  street 
where  tliere  is  a  railway  down  the 
center  tlie  crew  which  on  a  25-ft. 
street  would  average  8;J0  sq.  yds.  a 
day  could  do  no  better  than  an  aver- 
age of  600  sq.  yds.  a  day  with  the 
street  car  line.  In  this  particular 
case  the  pavement  was  13'  wide  on 
each  side  of  tlie  track. 

In  connection  witli  the  character 
of  the  sub-grade  this  will  determine 
whether  or  not  the  wlieelbarrows  are 
to  be  used  directly  on  tlie  sub-grade 
or  are  run  on  planks. 

From  tlie  information  gathered  by 
the  committee  and  here  abstracted  in 
brief,  the  following  conclusions  are 
drawn: 

The  fore^oinp:  considerations,  while 
they  fipiire  conspicuously  in  determining 
the  number  of  square  yards  of  road  or 
pavement  tliat  a  mixinjr  crew  of  given 
size  is  eapalile  of  turniiiifr  out  daily,  do 
not  to  any  appreciable  extent  enter  into 
consideration  in  determining  the  size  of 
"  the  mixing  crew.  There  are  really  only 
two  considerations  which  are  of  para- 
mount importance  in  determining  the 
number  of  men  in  any  crew. 

(1)  Tlie  size  of  the  nuixer  batch  to  be 
used,  that  is,  whether  it  is  a  one-,  two- 
or  three-sack  batch.  (3)  The  placing  of 
the  aggregates.  This  consideration,  how- 
ever, is  one  that  can  be,  with  a  little 
study,  eliminated  from  any  Job,  for  with 
the  proper  placing  of  the  aggregates  no 
additional  men  are  needed  to  assist  in 
the  long  haul. 

Fer  the  average  job  it  would  be  a  fair 
rule  to  follow,  to  use  one  shoveler  for 
each  wheeler,  the  number  of  wheelers 
bedng  determined  by  the  size  of  the 
batch,  and  in  no  case  should  a  man  be 
required  to  wheel  more  than  2%  cu.  ft. 
of  sand  or  gravel.  The  number  of  men 
on  the  cement  would  be  two  for  a  two- 
sack  batch  and  the  same  number  for  a 
three-sack  batch.  When  a  three-sack 
batch  is  used  the  men  could  alternate  in 
making  the  extra  trip. 

The  crew  that  can  be  worked  most 
economically  under  average  conditions 
should  be  made  up  as  follows:  Using 
two-sack  batch,  mixture  1:9:3 — Cement, 
2  men  from  piles.  Sand,  2  wheelers,  2 
shovelers.  Gravel,  3  wheelers,  3  shovel- 
ers.  Helper,  1  at  mixer  hopper.  Three- 
sack  batch,  mixture  1 :2:3-— Cement,  2 
men  from  piles  (alternate).  Sand,  3 
shovelers,  3  wheelers.  Gravel,  4  shovel- 
ers,  4  wheelers.  Helper,  1  at  mixer  hop- 
per. 

The  shovelers  may  he  cut  down  to 
two  on  gravel  when  the  street  is  narrow, 
but  under  ordinary  conditions  it  will  be 
found  better  to  have  a  separate  wheeler 
and  shoveler  for  each  wheelbarrow.    The 
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helper  at  the  hopper  is  not  a  common 
hand  on  the  average  crew,  but  we  be- 
lieve that  he  can  be  used  to  advantage  in 
helping  to  keep  the  wheeling  planks  in 
line,  if  planks  are  used,  and  in  assisting 
the  wheelers  to  dump  the  barrows  so  that 
the  materials  are  thrown  well  back  into 
the  hopper. 

Tiie  committee  gave  numerous  ex- 
amples of  concreting  crews.  An  ex- 
ample supplied  by  William  D.  Uhler, 
Chief  Engr.  State  Highway  Dcpt.  of 
Pennsylvania,  was  in  connection  with 
the  Easton-Allentown  road."  The 
crew  was  as  follow-s: 

Cost 
Gang  per  da. 

1  foreman    at   13.00 $  8.00 

1  mixer   operator   at   $3.00 8.00 

1  flremiin   nt   $2.50 2.50 

2  template   men  at  $2.00 4.00 

3  men  spreading  at  $2.00 6.00 

2  men  floating:  at   $2.00 4.00 

1  man  flnishing   nt   $2.00 2.00 

2  men  on    forms   at   $2.00 4.00 

1  m.'in  rlmneinpT  cliiite  at  $2.00 2.00 

2  men  liandliner  cement  at   $1.75 8.50 

7  men  on   wheelbarnnvs  at  $1.75 12.25 

7  men  slio%clln(t  at   $1.75 12.25 

1   utility  man   at   $1.75 1.75 

I  waterboy   at   $1.50 1.50 

32  men.     Total  labor  cost  per  da $01.75 

Tlie  first  tasks  In  each  day's  work  were  to 
brinp  forward  from  tlie  previous  dai''s  work 
the  forms  and  other  workinsr  appliances  and 
to  cover  the  previous  day's  concrete  with 
earth.  All  such  men  a.s  template  men.  float- 
ers and  flnisliem  were  employed  in  this  task. 
The  three  men  handlinir  concrete  placed  the 
expanded  metal  reinforcement  and  the  ex- 
pansion joints  also.  Layins;  a  slab  7"  thick 
and  holding  the  material  in  the  drum  for  a 
OO-sec.  mix,  this  gang  averaged  525  sq.  yds. 
per  da.  at  a  labor  cost  of  approximately  11.7 
cts.  per  sq.  yd.  A  No.  16  Koehring'  paving 
mixer,  with  boom  and  bucket  delivery,  wag 
used.  With  a  shorter  mixing  time,  say  45 
sec..  It  is  suggested  that  the  gang  be  In- 
creased three  men  to  five  men  on  wheelbar- 
rows: with  such  an  Increase  it  is  estimated 
that  the  yardage  could  be  increased  30%. 

The  second  example  was  on  Illi- 
nois state  aid  road  work  and  the  data 
covered  experience  based  on  25  or  30 
different  jobs,  representing  a  total 
of  about  500,000  sq.  yds.  of  pave- 
ment. This  organization  assumes 
the  excavation  complete  and  all  ma- 
terial delivered  on  the  work  and  that 
the  sub-grade  is  in  average  condi- 
tion. The  crew  then  consists  of  the 
superintendent  and  a  foreman,  2  men 
wheeling  sand,  4  men  wheeling  stone, 

2  extra  shovelers,  2  men  handling 
cement,  1  man  handling  sacks,  and 
1  man  or  2  men  trimming  sub-grades, 
these  men  working  in  front  of  the 
mixer.      Behind  the  mixer  there  are 

3  or  4  shovelers,  1  finisher,  and  2 
men  attending  to  the  curing  of  the 
concrete.  Working  on  the  mixer — 
1  engineer  and  1  fireman.  Working 
on  the  forms  there  are  2  men;  on 
the  water  supply,  1  pumpman ;  mis- 
cellaneous employees  consist  of  1 
watchman  and  1  waterboy.  This 
gives  a  total  of  from  27  to  29  men. 
The  gang  is  for  a  two-bag  batch 
mixer  and  with  this  machine  the  av- 
erage daily  output  pavement  18' 
wide  and  7"  thick  is  about  800  sq. 
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yds.,  working  9  hrs.,  mixing  time 
per  batch  35  sec.  The  average  cost 
of  mixing  and  placing  of  concrete 
and  of  setting  the  forms  and  placing 
joints  is  10  cts.  to  12  cts.  per  sq.  yd. 
A  single  day's  cost  may  run  as  low 
as  8  cts.  per  sq.  yd.,  but  an  average 
job  of  anj'  size,  figuring  repairs, 
fuel,  and  depreciation  on  mixer, 
brings  the  cost  between  10  cts.  and 
12  cts.  where  labor  receives  from  20 
cts.  to  25  cts.  per  hour.  A  smaller 
gang  will  reduce  the  unit  cost  slight- 
ly if  no  account  if  taken  of  interest, 
overhead,  etc.  The  slower  progress 
made  by  the  smaller  gang  will,  how- 
ever, run  up  the  fixed  charges  so  that 
in  the  end  the  cost  is  greater  than 
with  the  larger  crew.  These  data 
were  supplied  by  H.  B.  Bushnell, 
Division  Engr.,  Illinois  State  High- 
way Dept. 

In  summarizing  the  report  of  this 
committee,  the  chairman,  Mr.  Gil- 
lette, said  that  as  a  usual  thing  the 
crews  required  on  contract  work 
were  less  in  number  than  those  where 
the  work  is  done  on  the  day  labor 
plan.  Mr,  Kuelling,  of  Milwaukee 
Co,,  W^is.,  on  the  completion  of  the 
report,  rose  to  correct  this  statement, 
saying  that  for  the  day  labor  work 
done  in  Milwaukee  Co,  the  number  of 
men  was  usually  32,  while  the  num- 
ber of  men  on  the  contract  job  was 
usually  45.  The  report  as  present- 
ed gave  some  figures  as  to  cost  of 
work  in  Milwaukee  county  and  some 
corrections  were  made  on  this  by  Mr. 
Kuelling.  The  report  listed  the  num- 
ber and  wages  of  men  used  on  the 
force  account  work  in  1913  in  Mil- 
waukee Co.  as  follows: 

Men  Cost 

1  foreman    $5.08 

1  assistant    foreman    3.50 

1  mixing  engineer    3.50 

1  flreman    2.75 

1  finisher    3.00 

3  wheeling  concrete  at  $2.67  per  da..  8.00 

8  handling  sand  at  $2.50  per  da 7.50 

2  handling  cement  at  $2.50  per  da 5.00 

8  handling  stone  at  $2.50  per  da 20.00 

2  forms  and  joints  at  $2.50  per  da...  5.00 

1  evening  and    tamping 2.50 

1  covering  and  sprinkUng 2.50 

1  pump   man 2.75 

1  waterboy   (cared  for  cement  sacks).  1.50 

1  watchman    2.25 

28  men.    Total  labor  cost  per  da $74.75 

Average,  500-600  sq.  yds.  <95-115  cu.  yds.) 
per  da. 

The  mixture  used  was  1 :2:3l2  and 
the  road  was  18'  wide,  6"  thick  at 
the  edges  and  8"  thick  in  the  center, 
and  under  favorable  conditions  the 
gang  completed  600  sq.  yds.  per  da. 
The  report  then  gave  the  cost  of 
concreting  labor  on  four  separate 
roads  built  in  Milwaukee  Co.,  and 
Mr.  Kuelling  made  a  correction  here 
in  the  committee  report  by  saying 
that  the  labor  cost  per  sq.  yd. 
for  concrete  was  based  on  the  figures 
given  in  the  annual  report,  which 
covered  other  items  than  concrete, 
such  for  instance  as  handling  mate- 
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rials  from  cars,  trimming  shoulders, 
cleaning  ditches,  etc.,  making  a  very 
large  difference  in  concreting  cost  of 
the  four  roads  mentioned.  As  for 
instance  on  the  Port  Washington 
Road,  where  the  committee  gave  the 
cost  as  18.7  cts.  per  sq.  yd.,  Mr. 
Kuelling  stated  the  cost  was  11  cts. 
per  sq.  yd.  for  labor  in  concreting. 
The  committee  presented  numerous 
other  examples  of  concrete  in  gang 
organization  and  finishing  this  report 
was  a  summary  from  the  examples 
as  follows : 

Using  modern  paving  mixers,  a  con- 
creting gang  for  road  work  will  consist 
of  from  30  to  40  men.  These  are  round 
numbers.  In  instances  fewer  than  30 
men  will  suffice  and  in  more  rare  in- 
stances a  number  greater  than  40  may 
be  required.  The  exact  number  will  de- 
pend upon  the  nature  of  many  control- 
ling conditions.  Also  the  number  of  men 
allotted  to  the  sexcral  duties  to  be  per- 
formed is  likewise  determined  by  the 
nature  of  these  conditions.  As  illustrat- 
ing the  vagaries  of  organization  recorded 
in  practice,  Table  1  has  been  compiled 
from  data  readily  at  hand.  Doubtless 
some  of  the  wide  variation  exhibited  is 
due  to  inequalities  of  organizing  skill, 
but  with  all  reasonable  allowance  for 
this  cause,  there  remain  important  dif- 
ferences caused  entirely  by  differences 
in  conditions  controlling  the  concreting 
ivork. 


Job  -c     i-        a     S      i    ^     5 

I    J  16  9  2  2     ..       2 

II     2  12  7  2  2        1        2 

III     2  22  8  2  2        1        2 

IV     2  13  6  2  2        1        2 

(^.ise     1  IS  4  2        

V.I  (2)      (29)    (9)    (5)    (1)    .           (3) 

[Top    1        U          5        3          1      ..        3 

VI     ...■ 1  5        10        1        

fBase    ...   1         9         5       1       

VII.)  (2)      (13)  (11)  (3)    (2)    .      .. 

i  Top      ...1  4  6        2  2..      .. 

VIH     1        10        11        3          2      ..      .. 

Concreting  is  but  one  operation  in  the 
process  of  concrete  road  building.  The 
target  is  the  lowest  cost  of  the  whole 
process,  and  the  concreting  operation 
must  so  co-ordinate  with  other  compo- 
nent operations  that  the  mark  is  hit.  It 
may  often  happen,  therefore,  that  the 
most  efficient  concreting  gang  organiza- 
tion is  not  the  one  that  will  mix  and 
place  most  cheaply  a  cubic  yard  of  con- 
crete in  finished  road  slab,  considering 
this  one  operation  as  the  beginning  and 
end  of  all  effort.  The  law  of  co-ordina- 
tion has  influence  in  an  even  more  min- 
ute way.  Consider  for  the  moment  the 
concreting  operation  to  be  independent 
of  all  others.  On  the  Pennsylvania  road 
work  described  previously,  the  require- 
ment was  that  the  batch  should  turn  90 
sec.  Under  this  requirement,  the  most 
efficient  gang  organization  has  been 
found  to  be  that  of  column  one  in  Table 
2.  Could  the  mixing  period  be  cut  in 
half,  the  most  efficient  gang  organization 
would  be  that  of  column  two  in  Table  2. 
Again,  consider  the  gang  organization 
for  Illinois  road  work.  By  reducing  this 
gang  by  a  few  men  it  is  stated  that  a 
smaller  unit  labor  cost  could  be  ob- 
tained,   but   the    slower   progress    would 


increase     interest     and     overhead     costs 
enough  to  exceed  the  saving. 

Tabie   2 — Gang   Organization    and   Output   as 
Influenced  by  Tijie  of  Mixing 

Thus—  1  2 

.Mixing   time,    sec 90  45 

General   labor    1  1 

Men  in  front     10  21 

Men  in  rear    9  9 

Men  on  mixer    2  2 

Men  on  forms    2  2 

Miscellaneous     2  2 

Total    men    32  37 

Output  sq.  yd.  average 525  787 

In  indicating  the  great  variations 
in  the  number  of  square  j-ards  which 
a  crew  can  take  care  of  in  one  day, 
;Mr.  Gillette  pointed  out  that  it  is 
fair  for  the  contractor  to  assume  that 
the  average  daily  j-ardage  should  be 
about  one-half  of  the  greatest  daily 
record.  He  mentioned  in  connection 
with  handling  materials  that  it  is 
very  common  on  California  work  to 
train  men  as  shovelers  in  handling 
large  quantities  of  material.  When 
a  man  has  been  especially  trained  up 
for  this  work  he  is  paid  from  25  % 
to  50  %  more  than  the  regular  daily 
wage,  in  order  to  get  a  high  effi- 
ciency. While  the  daily  wage  is  high 
in  California  on  work  of  this  kind, 
there  is  a  low  unit  cost  for  handling 
material. 

In  a  further  correction  of  the  im- 
pression conveyed  by  the  committee 
reporting  on  organization,  Mr.  Kuel- 
ling said  that  in  his  experience  he 
believes  that  on  day  labor  work  the 
crew  would  be  from  10  to  12  men 
less  than  on  contract  work.  He  gave 
the  number  for  contract  work  as  38 
and  the  number  for  day  labor  work 
as  28. 

While  there  was  some  disposition 
to  assume  that  in  force  account  op- 
eration where  there  are  apt  to  be  cer- 
tain political  influences  to  keep  the 
gange  of  men  at  a  maximum  in  num- 
bers it  was  pointed  out  by  Ira  O. 
Baker  that  where  there  is  a  good  en- 
gineer in  charge  who  is  left  with  a 
free  hand  entirely  uninfluenced  by 
any  political  consideration  that  force 
account  work  is  done  as  well  or  bet- 
ter economically  than  on  contract. 
The  principal  advantage  of  work 
done  this  way  is  in  the  fact  that  it 
permits  a  permanent  organization  of 
men  trained  for  special  duties,  while 
the  ordinary  road  contractor  finds  it 
impossible  to  keep  the  gang  together 
all  the  year  around.  Then.  too.  it 
was  pointed  out  that  on  work  done 
on  a  large  scale  by  a  county  or  by 
the  state  it  is  possible  to  eff"ect 
economy  by  having  suitable  equip- 
ment which  a  contractor  perhaps 
could  not  afford  to  buy  for  scattered 
iobs  of  comparatively  small  yardage. 
The  county  or  the  state  can  afford 
to  own  it  by  reason  of  a  continuous 
work  program  and  connected  roads. 
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Report  of  Committee  7 — 

ProportioiLS  of  Materials 

and  Consistency  of 

Concrete 

Chairman,  W.  S,  Gearhart^;  A. 

N,   TALBOT^  W,  M,  ACHES0N^  H,  S. 

Van  Scoyoc*,  F.  L.  Rice'. 

The  committee  on  Proportions  of 
Materials  and  Consistency  of  Con- 
crete pointed  out  that  while  it  is 
common  practice  at  the  present  time 
to  proportion  materials  for  concrete 
roads  by  the  method  of  arbitrary  se- 
lection, that  is,  by  specifying  the 
number  of  parts  of  different  ingre- 
dients, emphasis  is  laid  on  the  fact 
that  this  is  a  most  unscientific  meth- 
od of  proportioning  materials,  but 
its  general  use  has  seemed  to  justify 
it  because  of  the  facility  with  which 
work  can  be  handled  under  existing 
conditions.  The  committee  says  that 
unless  the  character  of  the  aggre- 
gates to  be  used  and  the  quality  of 
concrete  made  with  the  specified  pro- 
portions of  ingredients  are  carefully 
determined,  this  method  should  not 
be  used,  for  a  1 :2 :3  mixture  in  one 
case  may  be  identical  in  quality  with 
a  1:2:4  mixture  or  even  a  l:2lA:5 
mixture  in  another,  on  account  of 
the  variation  in  size  of  aggregates. 
The  committee  says  further  that  un- 
satisfactory concrete  will  result  from 
the  best  aggregates  if  they  are  not 
))roperly  proportioned.  In  making 
recommendations  for  the  proportions 
of  the  several  classes  of  concrete  for 
roads  and  for  streets,  the  committee 
points  out  that  while  these  propor- 
tions represent  the  best  practice  at 
the  present  time  they  should  not  be 
used  without  a  thorough  appreciation 
of  the  defects  in  the  method  of  arbi- 
trary selection.  These  recommenda- 
tions are  made  with  the  understand- 
ing that  the  Portland  cement  used 
complies  with  the  Standard  Specifica- 
tions of  the  Am.  Soc.  for  Test.  ]Mat. ; 
that  the  fine  and  the  coarse  aggregate 
will  meet  the  standard  specifications 
for  concrete  roads  and  pavements  of 
the  Am.  Concrete  Inst,  for  1914; 
that  the  character  of  these  materials 
and  the  quality  of  the  concrete  made 
with  the  specified  proportions  of 
these  ingredients  will  be  determined 
bv  careful  tests ;  and  that  the  coarse 
aggregates  shall  consist  of  sound, 
hard  stone  or  gravel  having  a  French 
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co-cfficicnt  of  wear  of  not  less  than 
10  for  one-course  construction  and 
for  the  wearing  course  of  two-course 
construction  and  not  less  than  7  for 
tiie  base  of  two-course  construction. 
The  recommendation  as  to  propor- 
tions of  concrete  are  as  follows: 

One-Course  Concrete — For  a  onc-oourse 
concrete  pavement  the  materials  shoukl 
1)0  mixcfl  ill  the  proportions  of  1  sack 
of  Portland  cement,  2  cu.  ft.  of  fine 
aggregate  and  3  cii.  ft.  of  coarse  aggre- 
gate, and  a  cu.  yd.  of  tlic  resulting  con- 
crete in  place  should  contain  not  fewer 
than  6.8  sacks  of  cement. 

Two-Course  Concrete — For  the  base  of 
a  two-course  pavement  the  materials 
should  be  mixed  in  the  proportions  of 
1  sack  of  Portland  cement,  2Vi  cu.  ft. 
of  fine  aggregate  and  5  cu.  ft.  of  coarse 
aggregate,  and  a  cu.  yd.  of  the  resulting 
concrete  in  place  should  contain  not 
fewer  than  5.6  sacks  of  cement. 

If  the  base  is  to  consist  of  cement  and 
fine  aggregate  the  materials  should  be 
mixed  in  the  proportions  of  1  sack  of 
Portland  cement  to  not  more  than  ■!■  cu. 
ft.  of  fine  aggregate,  and  a  cu.  yd.  of 
the  resulting  concrete  in  place  should 
contain  not  fewer  than  8.2  sacks  of  ce- 
ment. 

For  the  wearing  course  of  a  two- 
course  pavement  the  materials  should  be 
mixed  in  the  proportion  of  1  sack  of 
Portland  cement  to  not  more  than  2 
cu.  ft.  of  fine  aggregate,  and  a  cu.  yd. 
of  the  resulting  concrete  in  place  should 
contain  not  fewer  than  11.8  sacks  of 
cement. 

The  committee  reports  that  many 
experiments  in  concrete  road  con- 
struction have  been  made  recently 
'with  hydrated  lime  added  to  the  con- 
crete in  amounts  ranging  from  5  % 
to  10'?;^  by  weight  of  the  cement. 
Information  available  at  the  present 
time  seems  to  indicate,  however,  that 
the  addition  of  the  small  percentage 
of  some  inert  material,  such  as  hy- 
drated lime,  may  be  of  value  in  con- 
crete road  construction,  for  it  de- 
creases the  percentage  of  voids  and 
produces  a  more  nearly  impervious 
concrete  and  reduces  the  expansion 
and  contraction  under  moisture 
changes,  but  at  this  time  the  commit- 
tee felt  that  it  was  not  warranted  in 
making  any  definite  recommenda- 
tions. 

The  committee  found  difficulties  in 
connection  with  the  consistency  of 
concrete  because  the  terms  used  in 
defining  consistency  are  generally 
indefinite.  To  one  man  it  may  mean 
an  entirely  different  thing  from  what 
it  means  to  another  man.  Inquiries 
sent  out  as  to  the  proper  consistency 
of  concrete  resulted  in  some  interest- 
ing replies.  The  consistencies  used 
in  road  construction  were  described 
variously  as   follows : 

"Plastic;"  "Plastic  enough  to  retain  its 
shape  when  screeded,  and  not  to  be  so 
plastic  that  a  flow  of  mortar  will  be 
produced  on  the  top,  or  in  which  any 
segregation  can  take  place;"  "Mixture 
must  be  plastic  and  of  such  consistency 
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that  it  can  he  troweled  and  will  quake 
slightly  under  the  trowel;"  "Concrete 
wet  enough  so  that  it  can  be  worked  eas- 
ily, yet  dry  enough  to  retain  its  shape — 
a  quaking  mixture;"  ".V  quaking  mix- 
ture that  can  be  made  even  by  tamp- 
ing;" ".\  quaking  mixture  which  can  be 
struck  off  with  template;"  "Like  thick 
cream;"  "Such  that  a  light  tamping  will 
bring  mortar  to  the  surface;"  "Wet 
enough  to  produce  a  concrete  that  will 
flush  readily  under  light  tamping;" 
"Dry  enough  to  reijuire  slight  tamping 
to  settle  into  place;"  "Wet  enough  to 
settle  in  flat  mass  but  not  to  run  on 
sub-grade;"  "Works  easily  under  tein- 
plate;"  "Requires  use  of  hoe  to  keep 
concrete  moving;"  "Wet  enough  to  flow 
into  place  with  assistance  of  laborers 
and  work  easily  under  template;"  "A 
concrete  which  will  hold  its  shape  when 
struck  off  with  a  template;"  "Holds  its 
shape  when  struck  with  template,  but 
such  that  the  materials  will  not  sepa- 
rate;" ".\  consistency  such  tliat  concrete 
can  be  conveyed  and  deposited  without 
separation  of  coarse  aggregate  from  the 
mortar;"  "No  excess  water  to  appear  af- 
ter a  thorough  tamping;"  "Consistency 
such  that  when  walked  onto  the  foot  is 
removed  with  an  effort  and  the  remain- 
ing hole  does  not  run  full  of  mortar." 

Tlie  committee  reports  with  re- 
lation to  the  amount  of  water  to  be 
used  as  follows: 

The  amount  of  water  necessary  to 
produce  the  required  consistency  varies 
from  about  6%  to  12%  by  weight,  or 
from  lt%  to  30%  by  volume  of  concrete, 
and  from  18  gals,  to  35  gals.,  or  from 
150  lbs.  to  300  lbs.  per  cu.  yd.  of  con- 
crete. This  great  variation  is  largely 
due  to  the  amount  of  moisture  in  the 
aggregates,  the  character  of  the  mate- 
rials and  the  atmospheric  conditions. 

The  committee  says,  however^  that 
while  the  requirements  for  consist- 
ency should  be  specified  in  a  more 
definite  way  than  is  now  usual,  it  is 
evident  that  a  standard  consistency 
cannot  be  expressed  in  terms  of  the 
percentage  of  water  used.  Further 
light  is  thrown  on  this  subject  in  the 
rejjort  of  Committee  8,  that  dealing 
w  ith  mixing  and  placing  the  concrete 
in  connection  with  experiments  made 
to  determine  the  amount  of  water  per 
cu.  ft.  of  loose  material.  Like 
Committee  8,  which  reported  later, 
Committee  7,  however,  especially  em- 
phasized the  undesirability  of  mix- 
ing concrete  too  wet.  A  great 
difficulty  is  found  in  the  fact  that 
workmen  soon  learn  that  by  using 
an  excess  of  water  the  concrete  can 
be  mixed  with  less  effort,  and  placed, 
handled,  and  finished  more  readily 
than  when  it  is  of  the  proper  con- 
sistency. The  committee  pointed  out 
that  it  is  a  matter  of  general  obser- 
vation both  in  the  field  and  in  lab- 
oratory work  that  with  the  same  ma- 
terials, other  things  being  equal,  the 
wet  mixture  is  inferior  in  quality  and 
strength  to  concrete  of  a  medium  or 
quaking  consistency.  The  commit- 
tee also  said  that  it  is  found  inad- 
visable to  use  carts   in  placing  con- 


crete at  a  distance  of  from  300'  to 
500'  from  the  mixer.  In  conclusion 
the  committee  recommended  that  the 
consistency  of  concrete  for  road  or 
for  street  work  should  be  such  that 
when  deposited  from  a  chute  or 
bucket  it  will  settle  in  a  flat  mass 
but  will  not  flow  on  the  sub-grade. 
Xo  tamping  should  be  required  and 
no  separation  of  the  mortar  from  the 
coarse  aggregate  should  occur  in 
handling  the  concrete  or  in  finishing 
the  surface. 

In  discussing  the  report  of  the 
committee  on  mixing  and  placing  of 
concrete,  Mr.  Van  Scoyoc,  Toronto, 
mentioned  that  Mr.  Davis,  the  engi- 
neer of  tests  on  the  Toronto-Hamil- 
ton highway,  had  devised  a  means  of 
testing  the  consistency  of  concrete 
so  that  the  proper  consistency  could 
readily  be  determined  in  the  field. 
This  method,  he  said,  is  comparable 
to  the  determination  of  normal  con- 
sistency in  cement  testing.  It  is  by 
means  of  dropping  some  of  the  con- 
crete on  a  board  placed  at  a  certain 
angle ;  at  one  angle  it  will  flow  and 
at  another  angle  it  will  not  flow.  A 
determination  of  the  proper  consist- 
ency by  measuring  the  angle  at 
which  the  mixed  material  will  flow 
might  be  adopted  as  a  means  of  def- 
initely fixing  that  consistency. 

William  M.  Kinney  suggested  that 
most  of  the  failures  of  surfaces  in 
concrete  roads  are  due  to  too  much 
water  in  the  mixture.  As  the  com- 
mittee said  in  its  report,  too  much 
water  not  only  brings  the  cement  to 
the  surface,  covering  up  the  hard 
stone  which  give  a  good  top  wearing^ 
surface,  but  it  also  brings  small 
sticks  and  other  materials  which  wear 
out  and  leaves  the  surface  pitted. 

[Other  Reports  of  Committees  of  the  Sec- 
ond National  Conference  on  Concrete  Road 
Building  will  be  presented   in  a  later  i.ssue.] 


At  a  recent  meeting  in  New  York 
the  Committee  on  Warehouse  Con- 
struction and  Labor  Saving  Devices 
of  the  Warehouse  Men's  Assn.  re- 
ported on  the  three  methods  of  fire- 
proof construction,  structural  steelj 
mill  construction  and  reinforced  con- 
crete. The  report  showed  that  the 
initial  cost  of  the  last-named  was  not 
excessive;  insurance  rates  and  de- 
preciation charges  were  lower,  and 
greater  cleanliness  and  safety  were 
assured,  when  it  was  employed.  Of 
the  503  separate  warehouse  build- 
ings owned  by  the  members  of  the 
Association,  156  were  said  to  be  fire- 
proof, an  non-fireproof,  32  sprin- 
kled, with  no  reports  on  the  other 
71.  Eighty  %  of  the  warehouses 
now  being  constructed  are  being 
built  of  reinforced  concrete,  the  re- 
port claimed. 
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Fio.  1 — Residence  of  Mrs.  O.  J.  Stewart 


A   Concrete   House   with   Tile-Lined  Walls  at 
Jersey  City,  N.  J. 


By  Charles  F.  Dingman^ 


The  concrete  residence  described 
differs  from  many  houses,  in  that 
low  cost  was  neither  the  first  con- 
sideration nor  the  determining  factor 
in  the  choice  of  a  building  material. 

The  owner  demanded  a  residence 
which,  for  its  size,  should  be  strictly 
first-class  and  which  should  be  fire- 
proof, comfortable,  permanent  and 
gain  its  attractive  appearance  from 
harmonious  proportions  rather  than 
from  architectural  embellishment. 
Concrete  was  pre-eminently  the  ma- 
terial indicated  by  these  require- 
ments. 

The  architect.  George  W.  Von 
Arx,"  has  succeeded  in  producing  a 
well  proportioned,  comfortable  look- 
ing house  without  excessive  adorn- 
ment. 

No  attempt  will  be  made  to  de- 
scribe the  interior  finish  beyond  say- 
ing that  everything  is  of  a  grade  to 
correspond  with  the  exterior. 

The  wall  section  shows  the  care 
taken  to  get  a  wall  that  should  be 
damp-proof  as  well  as  a  heat  insu- 
lator. While  this  type  of  construc- 
tion may  seem  excessively  costly,  it 
has  been  justified  by  the  fact  that 
in  some  places  expensive  paneled 
wood  wainscot  is  placed  against  the 
wall  and  that  the  wall  has  proven 
an  excellent  heat  and  moisture  in- 
sulator. The  rods  shown  in  the 
drawing  were  placed  as  an  insurance 

'Engr.,  Flynt  Const.  Co.,  Palmer,  Mass. 
'.Jersey  City,  N.  J. 
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tile.  All  walls,  after  removing  the 
forms,  were  ground  to  a  surface  as 
smooth  as  possible  by  the  use  of 
carborundum  brick.*  Forms  were 
left  on  until  the  concrete  was  com- 
paratively hard,  which  made  the  cost 
of  surfacing  reach  the  rather  high 
price  of  8  cts.  per  ft.  However,  it 
is  believed  that  this  cost  was  justi- 
fied bj'  the  fine  appearance  of  the 
surface  obtained. 

The  total  cost  of  the  house,  ex- 
cluding plumbing,  heating,  vacuum 
cleaner,  electrical  work  and  finished 
painting,  was  approximately  32  cts. 
per  cu.  ft.,  which  is  greater  than  the 
cost  of  a  similar  brick  house,  but 
considerably  cheaper  than  a  stone 
veneered  house  of  the  same  style. 

The  house  was  erected  for  Mrs. 
O.  J.  Stewart  by  the  Merrick  Fire- 
proofing  Co.^  Julius  Bally  was  supt. 
of  const,  and  the  writer  at  that  time 
was  secy,  of  the  contracting  com- 
pany. 


against     contraction     cracks     rather 
than  to  add  strength. 

The  floor  construction  is  of  the 
Kahn  hollow  tile  and  concrete  type.'' 
Cornices  are  of  copper,  to  give  a 
contrasting  color,  and  the  roofs  are 
of  red  Spanish  tile.  The  sleeping 
porch,  shown  unfinished  in  the  illus- 
tration, has  a  glass  roof  set  in  putty- 
less  sash,  while  the  sides  are  made 
up  of  metal  casements. 

Practically  all  of  the  concrete 
work  was  cast  in  place  except  the 
porch  balusters,  which  were  cast  on 
the  ground  and  set  in  place,  after 
which  the  coping  rail  was  cast  on 
top.  The  walls  were  poured  in  wood 
forms  and  are  lined  with  hollow  clay 


i  4j>o  rc 

77/s 

10.  2 — Wall   Section,   Stewart   House 
^Trussed  Concrete  Co.,  Youngstown,  Ohio 


Concrete    Walls    Built    with 
Simple  Form  Equipment 

A  removable  support  for  the  sides 
of  concrete  forms  has  recently  been 
patented  by  D.  W.  Daly.'  As  will 
be  seen  by  the  illustrations,  the  form 
boards,  of  which  only  two  are  used, 
are  held  in  position  by  wood  clamps 
which  are  tied  to  the  wall  by  means 
of  twisted  wire  secured  to  hooks 
which  allow  the  boards  to  be  readily 
detached,  leaving  the  wire  in  the 
wall.  In  addition  to  these  wooden 
supports,  a  light  angle  iron  clamp 
is  used  on  top  of  the  form  board 
to  prevent  spreading.  This  form  is 
filled  with  concrete  and  then  moved 
along  the  wall  its  length  and  again 
filled ;  by  the  time  a  course  has  been 
placed,  the  concrete  is  generally 
hard  enough  to  allow  another  course 
to  be  made.  A  little  ingenuity  in 
the  use  of  this  little  device  will  en- 
able one  to  build  corners  without 
difficulty.  Window  frames  can  be 
set  and  concrete  readily  placed 
around  them,  as  is  shown  by  the 
illustration. 


Simple  Device  for  Holding  Concrete 
Forms 

<The  Carborundum  Co.,  Niagara  Falls,  N.  Y. 
»N.  Y.  C. 
"Parkersburg,  W.  Va. 
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A  Double  Wall  Concrete  House  Economically 
Built  in  Cold  Weather 


Bv  Cari,  W.  Baumgardneii' 


Circumstances  prevented  work  be- 
ing started  on  the  house  whicli  forms 
the  subject  of  tliis  article,  until  about 
the  middle  of  Nov.,  1911-  Fair 
weather  was  experienced  until 
Thanksgiving  Day,  when  it  grew 
colder  and  began  to  freeze.  As  the 
weather  became  colder  we  were 
forced  to  heat  materials.  By  secur- 
ing from  a  local  junk  shop  a  dis- 
carded tank,  we  made  a  very  satis- 
factory heater,  shown  at  Fig.  2,  and. 
by  using  several  coils  of  pipe,  con- 
nected to  the  water  supply  inside 
the  heater,  had  plenty  of  hot  water. 

Walls  and  partitions  of  the  house 
are  constructed  with  a  hollow  wall 
machine,"  doing  away  with  wall 
forms. 

The  floors  are  carried  on  5-in. 
boiler  tubes,  over  which  was  laid 
electric  welded  galvanized  wire  fenc- 
ing and  upon  this  was  poured  a  6-in. 
Ita:!  cinder  concrete  rough  floor. 
This  floor  was  left  in  the  rough  un- 
til after  the  house  was  white-coated, 
when  a  terrazzo  marble  mosaic  floor 
was  laid. 

After  the  cinder  concrete  was 
hard  enough  to  work  upon,  we  built 
up  the  main  walls  of  the  house. 
From  the  plans  it  will  be  seen  that 


•Batimgardner  Concrete   Products  Co.,   Tif- 
fin, Ohio 


Fio.    2 — Imphovisei)    Hkaihi    li'ii    Ah.ki - 

GATES 

Fic.  3 — Starting  Coxstkuctiom  Work 

the  arrangement  of  the  rooms  wastes 
little  space.  The  rear  porch  is  en- 
closed with  doors,  sash  glazed,  and 
gives  protection  from  heat  and  cold. 
Underneath  the  rear  porch,  the  floor 
of  which  is  a  concrete  slab  with  a 
manhole,  is  a  lOO-bbl.  cistern.  The 
arrangement  of  the  cellar  is  very 
convenient.  It  is  equipped  with  full 
set  of  plumbing,  including  hot  and 
cold  soft  and  city  water  at  laundry 
tubs,  electric  connection  for  washing 
machine  and  drying  room  for 
clothes. 


l'"io.  'I — Wire  Mesu  Ready  for  Concrete 

Before  applying  plaster  to  the  in- 
side of  the  cistern  the  walls  and 
floor  were  given  two  coats  of  Toco 
bond.'  No  dampness  or  seepage  has 
appeared  inside  the  cellar  from  the 
cistern. 

The  plaster  is  applied  directly  to 
the  inside  walls,  the  insulation  pro- 

'Tropical  Paint  and  Oil  Co.,  Cleveland 


Fig.  1 — Fireproof  Residence,  Tiffin,  Ohio 
March,  1916 


Fig.  6 — Floor  Plans,  Baumgardner 
HorsE 
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vided  by  the  2-iii.  air  space  around  "|,\°o"^  ^"^  ''  ^'°"®  ^^"^  ® 

the   entire   building   making   furring  2.006  tapestry  brick  @  $20!!!    40.00 

and  lathing  unnecessary.     No  damp-  Lumber'''and"  miu'woi-k::.:::  sill 

ness    has    penetrated    to    the    inside  L^'th'''"^  """^  fixtures 225.83 

walls.     The  amount  of  plaster  used  Plaster ".'".'.'!!.'.'!.';!.'.'.'.'.';!;    loieo 

was  about  14  less  than  when  placed      ffectrirwiring"  and 'flxiures!  "o.Jo 

on  lath.  Hardware    38.54 

Nails    8.39 

The  stucco  finish  was  applied  di-      fainting  (contract)   8.5.00 

.,       .       .,  ^    .,  ,,         ,  Marble   mosaic  floors 130.26 

rectly  to  the  outside  walls,  the  ma-       20th     Century     furnace,     in- 
ching   leaving   a    surface    sufficiently       M.fnfJ'S.^s-logs- and' "andl  '"•"'' 

rough   to  secure  a  good  bond.     The  ''■<'"s  29.00    1.919.43 

stucco  consists  of  one  smoothing  coat  '  $3,007.40 

of    cement    and    lime    mortar,    over 

which  was  placed  the  finish  coat  of 

Medusa  White*  cement  and   marble      /-^  /^         •  g-\ 

dust.^    applied    with    an    automatic      Guil     CaiTiagCS     of    Con- 

stucco  machine. ° 

The  partitions   throughout   are  of  Lieit^ 

reinforced    concrete    and    the    only  e,.„^  ^^^  ,^1^„  j,„  ^^^^^  the  fam- 

things  combustible  about   the   house      ^^^  ^„;       trip  at  Niagara  Falls  re- 
are  the  interior  hnish  and  the  fram-      n,embers  the  magnificent  view   from 

Brock's  Monument  at  Queenston 
Heights  in  Queen  Victoria  Niagara 
Falls  Park.  At  the  base  of  the  mon- 
ument are  five  6-in.  ship's  cannon 
bearing  the  mark  of  the  old  Scottish 
gun  maker  Carron  and  the  date  1807. 
Doubtless  this  name  was  the  source 
of  the  word  carronade  which  was 
applied  to  ship's  guns  in  the  War 
of  1812. 

It  is  interesting  to  note  in  pass- 
ing that  the  notches  on  the  back  of 
the  carriage  served  as  bearings  for 
hand  spikes  which  were  used  to  give 
the  gun  the  proper  elevation,  at 
which  it  was  held  by  the  wedge  shown 
under  the  breech.  Fig.  2. 

The  passing  of  years  had  brought 
the  sturdy  oak  carriages  to  an  un- 
safe condition  and  bids  were  asked 
for  their  duplication.  It  was  found 
that  the  expense  of  replacement  in 
oak  was  almost  prohibitive  and  Park 
Supt.  John  H.  Jackson  decided  that 
the  carriages  could  be  made  by  using 
concrete,  not  only  at  a  considerable 
saving  in  first  cost  but  at  a  continued 


Fig.  6 — Sectiox  of  Wall 


ing  whicli  carries  the  slate  roof. 
There  is  a  tapestry  brick  fireplace 
with  l2"in-  raked  joints  in  the  living 
room.  Marble  squares  set  at  the 
time  of  laying  the  mosaic  floors  form 
the  hearth.  The  house  is  heated  by 
a  20th  Century  24-in.  grate  hot  air 
furnace''  and  has  wall  registers  in 
every  room. 

The  complete  cost  of  the  house  is 
about  $3,000,  itemized  as  follows: 

Cost  Data 

Labor — ■ 

Digging  cellar   $  25.75 

Masonry    and    concrete    (day 

work)    470.44 

Carpenter   labor    501.18 

Plastering   and    lathing 90.60  $i,0ST. 97 

Materials — 

Reinforcing    37.00 

Cement.  150  lbs.   @   $1.28  net  192.00 


'Sandusky  Portland  Cement  Co.,  Cleveland 
=Conlin  &  Co..  Tuckahoe.  N.  Y. 
"Automatic  Stucco  Machine  Co.,  N.  Y.  C. 
'20th   Century    Heat.   &    Vent.    Co.,    Akron, 
Ohio 


Fig.  2 — Concrete  Gun-  Carriages  at 
Brock's  Monument,  Queen  Yictohia 
Park,  Xiagaua  Fauls,  Ont. 

saving,  due  to  low  maintenance  and 
permanence. 

The  accompanying  illustrations 
make  the  construction  clear,  details 
being  given  in  Fig.  1  and  a  view  of 
the  completed  carriage  with  the  gun 
in  place  in  Fig.  2. 

This  use  of  concrete  is  suggestive 
to  those  in  charge  of  parks,  where 
a  little  thought  will  often  result  in 
a  saving  in  cost  and  in  increased 
jiermanence.  The  concrete  carriages 
are  said  to  have  cost  slightly  less 
than  l^-o  the  price  quoted  for  oak. 


^Mortar  For  Joints  Exposed  to 
Currents  of  Water 

In  a  discussion  before  the  Boston 
Soc.  of  Civ.  Engrs.,  John  F.  How- 
ard^ said: 

In  building  sea  walls  of  coursed  gran- 
ite masonry  laid  in  mortar  and  exposed 
to  the  action  of  tidal  currents,  where 
the  bottom  course  is  not  more  than  1' 
above  mean  low  water,  much  difficulty  is 
often  encountered  in  holding  the  mortar 
in  the  joints  long  enough  to  give  it  time 
to  set.  as  the  action  of  the  tides  rising 
and  faljing  on  the  fresh  raortar  will  pull 
it  out  of  place.  It  does  not  matter  how 
rich  a  mixture  is  used,  whether  1:1  or 
neat  cement,  it  is  impossible  to  keep  the 
mortar  in  place  until  it  liardens. 

On  one  piece  of  construction  under 
the  writer's  supervision  tliis  difficulty 
wa,s  successfully  overcome  by  mixing 
plaster  of  paris  with  the  mortar  in  the 
proportion  of  1  part  of  plaster  of  paris 
to  3  parts  of  1 :1  mortar.  This  mixture 
hardened  within  5  min..  and  no  further 
trouble  was  experienced  from  the  mor- 
tar in  the  joints  failing  to  set  in  place. 
The  pointinff  of  the  joints  in  which  this 
mixture  had  been  used  was  entirely  sat- 
isfactory. 


Details  of  Concrete  Gun  Car- 
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In  these  days  of  concrete  fence 
posts  with  tlieir  demonstrated  econ- 
omics and  of  telegraph  poles  of  con- 
crete with  their  permanence  and  sta- 
bility, it  seems  strange  that  the  con- 
crete telegraph  pole  is  not  more  rap- 
idly superseding  wood. 

'.\sst.  Engr.,  Directors  of  the  Port  of  Bos- 
ton 
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Concrete    Coming'    Into 

(Jeiu'ial  Use  for 

Park  lieiK'hes 

Park  benches,  to  take  the  place  of 
wooden  seats  now  in   use,  are  being 


nary  bench  three  frames,  set  3'  6" 
apart,  are  joined  by  three  oak  slats 
for  back  and  four  slats  for  seat,  8' 
long,  and  secured  to  the  frame  by 
galvanized  iron  bolts.  Brass  bolts 
were  used  at  first,  but  many  were 
lost  by  theft.     The  slats  are  3V4"  x 


ll/4",  and  the  back  slats  are  spaced 
4I/2"  o.  c.  and  the  seat  slats  l/o" 
apart.  On  Boston  Common  a  circu- 
lar line  of  continuous  seats  is  con- 
structed, facing  a  grandstand.  Sev- 
eral thousand  standards  are  being 
made. 


constructed  by  tlie  Boston  Park 
Dept.,  with  reinforced  concrete 
standards  and  oak  slat  seat  and  back. 
The  upright,  with  horizontal  seat 
support,  is  east  in  one  piece,  and 
planted  in  the  ground  about  half  its 
height,  which  is  8'. 

The  concrete  ]iarls  are  cast  at  tlie 
Park  Dept.'s  engineering  headquar- 
ters in  Franklin  Park.  Dorchester 
District,  by  workmen  employed  part 
of  the  time  on  the  park  grounds  and 
on  rainy  days  at  this  and  otlier  work, 
under  shelter. 

The  dimensions  of  tlie  structures 
shown  in  the  accompanying  illustra- 
tions are  as  follows :  Height  of 
frame,  8';  cross-section  of  lower 
half,  -i"  X  5%";  cross-section  of  up- 
per portion,  4"  x  3%";  length  of 
horizontal  seat  support,  14";  thick- 
ness of  horizontal  seat  support,  5"; 
thickness  of  bracket  under  support, 
ll/o".  Reinforcing  rods,  of  Vi"''^- 
twisted  steel,  are  embedded,  one  in 
each  corner  of  the  upright  portion  of 
the  frame,  two  in  the  horizontal  seat 
support  and  one  in  the  bracket.  The 
rods  in  the  support  enter  the  upright. 

The  mixture  is  1  part  white  Port- 
land cement.  1  of  Ipswich  sand  and 
1  of  Plum  Island  sand,  the  sands 
being  coarse  and  fine,  respectively. 
Concrete  is  mixed  by  hand  tools  and 
placed,  rather  dry,  in  molds  made  of 
Southern  pine  joists  and  planking, 
the  molds  being  made  for  casting 
two  frames  at  once.  Their  sides  are 
hinged,  so  as  to  strip  easily.  No  out- 
side finish  is  required  after  the  casts 
have  been  made. 

The  forms  are  set  in  the  ground 
to  a  depth  of  4'  3".     For  the  ordi- 
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Fig.  2 — Form  L'sed 
IK  Making  the 
Concrete  Par  k 
Bench  Standardj 
IN  Boston  - —  One 
OF   THE    Standards 

at    THE    I. KIT 


Fig.  3 — Park  Bench  Used  in  AV. 

T0!f 


Besides  the  casting  of  tlie  bench 
frames,  the  Park  Dept.'s  men  are  en- 
gaged in  easting  a  reinforced  balus- 
trade for  the  South  Boston  water 
front. 

A  different  design  of  bench  to  set 
on  top  of  ground  or  pavement  is  in 
use  in  Washington,  D.  C.  Thej'  are 
in  four  pieces:  top  rail,  bottom  rail 
and  two  ends,  as  shown  in  Fig.  3. 
The  parts  are  secured  to  each  other 
by  heavv  bolts.  The  seat  and  the 
back   are  of  heavv   «ood  slats. 


i^HM^HJ 

Fig.  4 — All  Concrete  Seat  in  Grounds  of  O.  C.  Barber,  Bariierton,  Ohio 
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Fig.   1 — CoxcRETE    Stables,   Siior   anu 
Paved  Yaud 

Fig.  2 — Burial  Vaults  at  Graceland 
Cemetery 


Concrete  in  Cemetery 
Improvements 

By  H.  Colin  Campbell^ 

Graceland  cemeterj-,  Chicago,  is 
one  of  the  several  city  burial 
grounds  that  has  found  use  for  con- 
crete construction,  either  to  improve 
the  cemetery  proper  or  to  increase 
in  several  ways  the  general  working 
facilities.  All  of  the  concrete  work 
thus  far  done,  and  there  has  been 
much  of  it,  was  performed  by  ceme- 
tery employees,  working  under  prop- 
er supervision. 

One  of  the  most  notable  and  ex- 
tensive uses  of  concrete  in  the  ceme- 
tery is  shown  in  Fig.  1,  which  illus- 
trates the  stables,  wagon  sheds,  work 
shops  and  cemetery  work  yards, 
which  are  below  the  level  of  the  sur- 
rounding cemetery  grounds  and  quite 
effectively  hidden  from  view  by 
trees  and  shrubbery.  The  work 
shop  and  stable  yard  are  concrete 
paved.      Two    concrete    manure    pits 

'Engr.,  Chicago 


are  equipped  with  litter  carrier  to 
move  stable  refuse.  Under  and  back 
of  the  awning  in  the  view  is  one  of 
the  cemetery  work  shops,  and  here 
the  employees  conduct  the  incidental 
business  of  constructing  concrete 
burial  vaults,  such  as  are  illustrated 
in  Fig.  2.  A  portion  of  the  ceme- 
tery is  enclosed  with  a  concrete  wall 
or  panel  fence,  also  illustrated,  while 
the  most  recent  use  of  concrete  is 
exemplified  in  the  automobile  shelter 
shown  in  Fig.  4.  This  structure  was 
designed  by  a  well  known  firm  of 
Chicago  architects. - 

In  the  accompanying  plans,  it  will 
be  noticed  that  this  design  depends 
upon  the  cantilever  principle,  and 
that  the  construction  is  unique.  The 
shelter  is  intended  primarily  to  pro- 
tect the  superintendent's  car  from 
the  sun,  and  is  not  in  anj'  sense  an 
enclosure.  The  drawing  shows  in 
detail  how  the  design  was  worked 
out  and  the  placing  of  reinforcing. 


Fig.  S — Elevatiox  axd  Top  A'iew  op 
.\uto  Shelter 


=Holabird  &  Roche 


Fig.  6 — Details  of  Reinforcing 

Concrete  mixtures  at  Graceland 
cemetery  are  well  proportioned  and 
properly  placed.  In  the  auto  shel- 
ter a  1 :2  :•!  mix  was  used  for  foot- 
ings and  a  1:114:3  for  columns. 
This  little  shelter  suggests  that  the 
design  might  well  be  adapted  with- 
out any  considerable  change  to  a 
roadside  passanger  shelter  for  inter- 
urban  electric  lines  and  would  then, 
as  in  its  present  use,  be  both  useful 
and  ornamental. 


While  concrete  is  unattacked  by 
tar  or  petroleum,  fatty  oils  soon  at- 
tack it,  owing  to  the  liberation  of 
fatty  acids  as  the  oil  becomes  ran- 
cid. An  article  in  II  Cemento  deals 
with  the  means  of  making  oil  vats 
of  concrete  or  reinforced  concrete 
sufficiently  resistant.  A  rich,  well 
graded  mixture  must  be  used,  the 
surface  of  which  may  be  treated 
with  silicates  or  fluosilicates.  Also, 
as  it  is  the  lime  of  the  cement  which 
reacts  with  the  acids,  the  addition 
of  20%  of  finely  ground  puzzolan 
is  of  great  advantage.  Experiments 
on  this  point  have  been  made  by 
Prof.  Canevazzi,  who  finds  that  such 
an  addition  confines  the  actioH  of 
the  acid  to  an  insignificant  surface 
layer.  Many  of  the  large  under- 
ground reservoirs  for  olive  oil  in 
Italy  have,  however,  been  lined  with 
slabs  of  Marseilles  red  ware  cement- 
ed together  by  clay  of  the  same  kind 
as  that  used  for  the  slabs.  These 
have  given  good  results. 


In  a  recent  publication  of  the 
Portland  Cement  Assn.,  the  follow- 
ing table  showing  the  mileage  of 
concrete  roads  and  the  percentage 
of  total  roads  contracted  for  by  the 
Ohio  State  Highway  Dept.  since 
1010  is  printed: 


Figs.  3  axd 


^oxcbete  I'exce  axd  Automobile  Shelter 


Concrete 

Percentage  Total 

Year 

Mileage 

Mileage  Contracted 

1910 

1.49 

2.1 

1911 

1.25 

2.1 

1912 

40.39 

26.1 

1913 

22.30 

14.2 

1914 

130.69 

25.8 

1915 

48.51 

13.0 
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Twelfth  Annual  Convention  of  the 
American  Concrete  Institute 


The  I'2tli  annual  oonvt-iition  of 
the  American  Concrete  Institute  was 
opened  l)y  I'resident  W'ason  at  tlie 
Auditorium  liotel,  Chicaj^o,  Monday 
morning,  I'eb.  li.  To  expedite  the 
presentation  of  the  very  full  pro- 
gram provided,  speakers  were  lim- 
ited to  25  minutes  and  individual 
discussions  to  5  minutes  each,  with 
a  total  time  for  reading  and  discus- 
sion of  43  minutes. 

CONCRETK    ON    THE    MASS  A  fill' SETTS 
STATE    FARM 

The  first  paper  presented.  "Con- 
crete on  the  Massachusitts  State 
Farm,"  w.as  read  by  the  .author,  Ar- 
thur J.  M.aynard',  and  illustrated 
by  lantern  slides.  The  Massachu- 
setts institution  was  one  of  the  first 
to  take  up  the  use  of  concrete  and 
its  work  dates  from  I8f).'?.  In  gen- 
i-ral  the  construction  used  for  build- 
ings consists  of  monolitliie  hollow 
walls,  produced  by  the  use  of  cores 
which  are  pulled  as  the  work  pro- 
ceeds. It  was  exjilained  that  the 
use  of  curved  bays  on  large  build- 
ings serves  to  t.ike  up  expansion 
and  contraction  so  that  no  cracks 
have  resulted. 

Reference  was  made  to  flat  slab 
construction  covering  a  well  7'/  in 
diameter  whicii  has  been  mentioned 
often  in  discussions  of  early  flat 
slab  floor  construction.  The  slab  is 
5"  thick,  reinforced  with  expanded 
metal  and  was  constructed  in  1900. 
It  is  believed  that  this  slab  ante- 
dates the  earliest  flat  slab  patent. 

In  the  discussion  President  Wason 
spoke  of  a  bake  oven  at  the  insti- 
tution constructed  with  crushed  fire 
brick  as  an  aggregate.  He  stated 
that  the  oven  walls  are  frequently- 
red  hot,  yet  the  concrete  has  re- 
mained in  excellent  condition  after 
a  number  of  years'  use.  It  was  sug- 
gested that  this  material  might  be 
of  considerable  value  for  fireproofing 
purposes. 

RELIXIXG     A     TUNNEL     WITH     STEAM- 
JETTED  CONCRETE 

The  second  paper  was  presented 
by  Harold  P.  Brown-  on  "Relining 
a  Tunnel  with  Steam-Jetted  Con- 
crete."    This  paper  presents  the  so- 
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lution  of  the  problem  of  lining  an 
old  tunnel  which  was  originally 
lined  with  timber  and  afterwards  re- 
lined  with  brick.  The  brick  had 
disintegrated  in  the  course  of  time 
until  the  tunnel  had  become  unsafe. 
A  very  small  clearance  was  avail- 
able and  it  was  necessary  to  reline 
the  tunnel  between  the  pass.age  of 
tr.iins  with  only  about  6  hrs.  jK-r  da. 
av.iilable   for   work. 

The  work  was  accomplished  by 
means  of  a  train  equipi)ed  with  air 
compressors,  steam  pump  and  dyna- 
mo for  electric  lighting.  A  con- 
crete atomizer  was  used  and  the  con- 
crete was  blown  against  the  brick 
lining,  which  had  been  previously 
cleaned  by  scrubbing  and  steam 
jetting  at  a  pressure  of  90  lbs.  per 
s<|.  in.  It  was  found  necessary  to 
arrange  for  meciianieal  control  of 
the  nozzle  and  a  special  nozzle  and 
troweling  machine  were  devised 
which  were  carried  on  a  second  car. 
The  mixture  was  1  cement,  .3  sand 
and  2  pebbles,  used  with  10%  of 
water.  The  concrete  was  carried 
through  a  2-in.  hose  and  shot  onto 
the  brick  by  steam  jets.  Mortar  was 
forced  into  intimate  contact  with 
brick  work  and  very  little  material 
rebounded. 

In  some  places  a  layer  of  con- 
crete 7"  thick  was  used.  In  the 
final  layer,  hydrated  lime  was  used 
and  the  pebbles  were  omitted.  The 
mixture  was  proportioned,  1  hy- 
drated lime,  10  cement  and  30  sand. 
No  reinforcement  was  used.  Three 
coats  totaling  an  average  of  3"  to  1" 
thick  were  placed  and  trimmed  to 
arcs  of  Q' ,  12'  and  1 6',  respectively. 
It  was  found  possible  to  apply  one 
coat  to  262  lin.  ft.  12'  wide  per  day 
of  6  hrs.  This  required  about  35 
bags  of  cement.  Tlie  work  was  com- 
jjleted  in  41  das. 

In  the  discussion  which  followed 
it  was  brought  out  that  steam-jetted 
concrete  used  for  a  levee  slab,  2" 
thick,  was  equal  by  test  to  a  5-in. 
poured  concrete  slab  of  the  same 
proportion.  The  addition  of  hy- 
drated lime  was  said  to  prevent  too 
rapid  setting.  The  cost  for  fuel 
and  labor  on  ordinary  work  is  said 
to  be  from  50  cts.  to  55  cts.  per 
eu.  yd.  which  could  on  large  jobs 
be  reduced  to  30  cts.  or  32  cts.  per 
cu.   vd. 


A  paper  on  "Swimming  Pools," 
by  Edward  D.  Boyer^  was  not  read 
as  the  author  found  that  the  subject 
was  so  large  that  it  seemed  best  to 
defer  presentation  until  it  could  be 
more  fully  covered. 

NOVEL   FEATURES    OF   CONCRETE    WORK 
ON    THE    NEW    YORK    SUBWAY 

A  paper  on  "Novel  Features  of 
Concrete  Work  on  the  New  York 
Subway,"  was  read  in  the  absence 
of  the  author,  Robert  Ridgway*,  by 
E.  J.  Mehren"'.  Because  of  the 
short  time  available  only  portions 
of  the  paper  were  read,  which  were 
illustrated  by  slides.  A  novel  method 
of  using  concrete  in  cold  weather 
was  shown,  consisting  of  introduc- 
ing into  the  mixer  a  large  flame 
such  as  is  produced  by  blowing  gas  . 
with  compressed  air.  This  method 
was  found  very  effective  and  eco- 
nomical. One  of  the  features  of 
this  paper  was  an  account  of  a  dis- 
covery of  old  concrete  foundations, 
some  of  which  had  been  placed  un- 
der water  by  means  of  bags,  filled 
with  concrete,  the  outlines  of  which 
are  still  visible.  Some  of  this  con- 
crete, while  apparently  not  of  the 
best,  has  been  tested  and  shows 
strength  of  4,000  lbs.  per  sq.  in. 

REPORT     OF     COMMITTEE     ON     NOMEN- 
CLATURE 

The  report  of  the  committee  on 
Nomenclature  occupied  considerable 
time  without  definite  results.  The 
report  was  laid  on  the  table  with 
the  recommendation  that  an  attempt 
be  made  to  get  a  number  of  the 
technical  societies  to  select  a  joint 
committee    on    Nemonclature. 

UNIT    COSTS    IN    CONSTRUCTION 

The  evening  session  opened  with 
a  paper  by  Sanford  E.  Thompson", 
which  was  read  by  the  Institute  Sec- 
retary, ]SIr.  Goodell.  This  paper, 
a  discussion  of  estimating  based  on 
accurate  knowledge  of  unit  costs,  is 
presented  elsewhere  in  this  issue. 

NEW   STANDARD    CONTRACT   DOCUMENT 

The  interpretation  of  the  new 
Standard  Contract  Documents  was 
to  have  been  given  by  H.  L.  Lew- 
man '^,  and  in  his  absence  the  subject 
was  discussed  briefly  by  Lewis  R. 
Ferguson^.  The  documents  are  a 
second  edition  of  the  Standard  Con- 
tract Form  of  the  American  Insti- 
tute of  Architects,  designed  to  re- 
move causes   for  dissatisfaction  be- 
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tween  architects  and  contractors  and 
to  provide  means  of  arbitration. 

REPORT  OF  COMMITTEE  ON  INSURANCE 

Instead  of  a  committee  report,  a 
letter  was  read  from  J.  P.  H.  Perry/ 
chairman,  containing  recommenda- 
tions for  the  coming  year.  Mr. 
Perry  believes  that  this  committee 
should  collect  data  on  fires  in  rein- 
forced concrete  buildings  to  form 
a  basis  on  which  insurance  rates  can 
be  based.  Mr.  Wig"  stated  that 
such  data  are  in  his  possession  and 
available  up  to  the  year  1905. 

The  committee  on  Building  Blocks 
and  Cement  Products  presented  a 
report  through  its  chairman,  Robert 
F.  Havlik^^,  consisting  of  suggested 
specifications  intended  for  adoption 
in  the  building  codes  of  various 
cities  to  regulate  the  use  of  concrete 
building  units.  Inasmuch  however 
as  the  bylaws  of  the  Institute  re- 
quire that  specifications  of  this  kind 
be  presented  to  members  30  das.  in 
advance  of  the  convention  the  re- 
port was  received  and  filed  and  noth- 
ing will  be  done  about  it  for  an- 
other year,  when  the  members  will 
be  given  an  opportunity  to  read  it 
in  advance  of  the  convention  in  or- 
der to  discuss  it  at  the  next  meet- 
ing. 

REPORT   OF   COMMITTEE   ON   SIDEWALKS 
AND    FLOORS       - 

Chairman  Lewis  R.  Ferguson  pre- 
sented a  progress  report  of  the  com- 
mittee on  Sidewalks  and  Floors 
which  was  printed  and  distributed. 
This  committee  has  been  organized 
recently  and  the  report  suggested 
procedure  and  that  it  would  be  ad- 
visable to  consider  combining  the 
committee  on  Concrete  Roadways 
and  the  committee  on  Sidewalks  and 
Floors,  dividing  the  work  of  such  a 
combined  committee  into  sub-com- 
mittees. 

BUSINESS    SESSION 

At  the  business  session  officers 
for  the  ensuing  year  were  elected, 
as  follows:  Pres.,  Leonard  C. 
Wason,  Boston;  vice-pres.,  Henry 
C.  Turner,  New  York;  treas.,  Rob- 
ert W.  Lesley.  Philadelphia.  The 
directors  are:  Charles  R.  Gow,  Bos- 
ton; Edward  D.  Boyer,  New  York; 
J.  G.  Trenor,  California.  Pres. 
Wason  announced  the  discontinuance 
of  the  monthly  Journal.  Bulletins 
will  be  issued  from  time  to  time. 
The  office  at  Philadelphia  will  be 
given  up  and  President  Wason  has 
donated  office  space  and  clerical  ex- 
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pense  for  the  coming  year.  The 
offices  will,  therefore,  be  removed 
to  Boston.  He  called  attention  to 
the  services  of  Mr.  Goodell,  who 
had  acted  as  secretary  without  pay 
for  several  months.  Mr.  Goodell  was 
tendered  a  rising  vote  of  thanks  by 
those  present.  Following  Mr. 
Wason's  statement,  the  treasurer, 
Robert  W.  Lesley,  presented  the 
financial  report  of  the  Institute, 
which  was  accepted. 

REPORT       OF       COMMITTEE       ON       REIN- 
FORCED CONCRETE  AND  BUILDING 
L.\WS 

The  report  of  the  committee  on 
Reinforced  Concrete  and  Building 
Laws  was  read  by  Chairman  E.  J. 
Moore'-.  It  is  hoped  that  this  com- 
mittee will  succeed  in  getting  its  re- 
port in  such  form  that  when  balloted 
on  by  letter  SO  das.  before  the  next 
annual  convention  it  will  be  accepted 
and  exert  a  wholesome  influence  in 
leveling  off  the  radical  differences 
of  the  various  city  building  codes. 
Too  many  differences  exist  at  pres- 
ent to  permit  the  most  economical 
design  of  concrete  structures  and 
a  universal  (or  as  nearly  so  as  is 
possible)  code  seems  the  only  solu- 
tion. 

After  reading  the  report  proper. 
Mr.  Moore  discussed  some  details 
of  recommended  practice,  with  the 
aid  of  lantern  slides.  These  con- 
sisted of  a  suggested  detail  for  an- 
choring stirrups  in  beams  by  bend- 
ing down  the  upper  ends  of  stir- 
rups over  light  longitudinal  bars 
laid  upon  the  transverse  slab  bars 
in  top  of  slab  over  beam,  and  com- 
mon practice  and  test  data  on  col- 
umns. In  connection  with  the  dis- 
cussion on  stirrup  anchorage.  Prof. 
A.  N.  Talbot"  stated  that  in  his 
opinion  the  stirrups  in  the  ends  of 
continuous  beams  should  be  as  se- 
curely anchored  to  the  top  or  ten- 
sion reinforcement  as  they  are  to 
the  bottom  reinforcement.  W.  P. 
Anderson"  stated  that  in  his  opinion 
stirrups  should  be  replaced  by  bent 
bars  which  are  in  a  much  better 
position  to  take  up  diagonal  tension 
stresses  than  stirrups,  when  prop- 
erly embedded  in  top  and  bottom  of 
the  beam. 

In  commenting  on  column  shapes 
Mr.  Moore  stated  that  for  archi- 
tectural reasons  and  in  the  light  of 
recent  experience  with  the  behavior 
of  concrete  columns  in  fires,  the 
round  column  seems  to  come  nearer 
being  the  ideal  interior  column  than 
any  other  shape.    Slides  were  shown 
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giving  graphically  the  results  of  the 
Pittsburgh  tests  of  the  Institute. 

Rhudolph  J.  Wig'^  raised  an  ob- 
jection to  the  section  of  the  report 
recommending  that  concrete  be  pro- 
portioned to  secure  the  maximum 
density,  his  contention  being  that 
such  a  mixture  was  too  stony,  with 
insufficient  sand  to  insure  the  proper 
covering  of  reinforcing. 

The  specification  of  rivet  steel  for 
column  spirals  was  objected  to  by 
several  members  on  the  basis  that 
this  grade  is  hard  to  get  and  furth- 
ermore is  little  used  for  reinforc- 
ing. Mr.  Morgan'*  suggested  that 
since  cold  drawn  wire  is  mostly 
used  for  hoops  and  spirals  it 
be  substituted  for  rivet  steel  and  the 
requirements  for  cold  twisted  bars 
be  used  until  specification  is  adopted. 

Prof.  Talbot  called  attention  to 
the  fact  that  the  committee  recom- 
mendations were  not  in  accordance 
with  tests  and  suggested  that  the 
matter  be  referred  back  to  the  com- 
mittee. It  was  also  suggested  that 
the  report  be  so  modified  as  to  allow 
the  use  of  retempered  concrete,  un- 
der  certain   conditions. 

Owing  to  lack  of  time  the  discus- 
sion was  limited  and  the  report  ac- 
cepted as  a  progress  report. 

REINFORCED    CONCRETE     COLUMNS 

"Reinforced  Concrete  Columns,"  a 
paper  printed  in  advance,  was  read 
by  title  in  the  absence  of  the  author, 
P.  P.  Furber."  The  author  holds 
that  the  reason  for  the  extensive  use 
of  columns  reinforced  with  vertical 
rods  and  occasional  ties  or  stays, 
even  though  columns  vertically  and 
spirally  reinforced  are  generally 
considered  better  design,  is  that  this 
inferior  construction  is  lower  in  cost 
than  the  hooped  column,  when  de- 
signed in  accordance  with  most 
building  ordinances.     He   says: 

Many  building  ordinances  place  a  pre- 
mium on  this  dangerous  construction  by 
allowing  higher  relative  stresses  on  the 
concrete  of  such  columns  than  on  spir- 
ally reinforced  columns,  when  we  con- 
sider the  increase  in  ultimate  strength 
of  the  latter.  Some  have  gone  so  far  as 
to  permit  as  great  unit  pressure  on  the 
concrete  of  a  column  without  hooping, 
as  on  a  well  designed  hooped  column. 
*  *  *  The  result  of  such  building  laws 
are  obvious.  Designers  will  use  the 
cheaper  type,  except  in  some  cases  where 
it  may  be  possible  to  control  the  design 
of  the  work  with  regard  to  actual 
strength  secured  in  the  structure  rather 
than  with  a  view  to  meeting  the  require- 
ments of  some  building  department.  *  * 

Most  of  the  failures  of  concrete  .struc- 
tures have  occurred  in  buildings  designed 
so  that  tlie  figured  unit  stresses  were  not 
too  high  when  judged  by  ordinance  re- 
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•quirements,  and  the  failures  have  been 
due  to  failures  of  the  type  of  member 
rather  than  of  tlic  material.  A  large 
number  can  l)c  blamed  on  the  use  of  col- 
umns without  hooping.  On  the  other 
hand,  the  author  at  least,  has  never  heard 
of  a  failure  of  a  hooped  column  in  a 
building.  The  continued  service  of 
'hooped  columns  under  pressures,  which, 
according  to  some  building  laws,  would 
be  considered  dangerous,  leads  one  to  be- 
lieve that  something  is  wrong  with  the 
building  laws,  particularly  when  reliable 
■colunni  tests  indicate  that  the  stresses 
allowed   are  conservative. 

A  tabic  !?ivin{i  the  requirements  of 
43  different  building  refjtdations  and 
authorities  rej^arding  reinforced  con- 
•crete  columns  is  of  special  interest 
since  it  shows  some  very  marked  dif- 
ferences in  requirements  .and  without 
question  points  out  a  crying  need  for 
revision  of  a  large  part  of  the  pres- 
ent laws.  This  is  especially  true 
•when  it  is  considered  that  many  of 
the  ordinance  values  do  not  corre- 
spond with  values  determined  from 
tests. 

Numerous  tables  are  given  in  the 
paper  comparing  load-carrying  capa- 
city, etc.,  as  allowed  bv  various  or- 
■dinances,  wliich  merit  careful  study. 
Mr.  Furber  in  closing  says: 

The  specification  of  reasonable  values 
for  reinforced  concrete  hooped  columns 
will  tend  to  the  increase  of  fireproof 
construction  and  a  corresponding  reduc- 
tion of  inflammable  timber  construction, 
because  the  difference  in  cost  between 
Scientifically  designed  concrete  construc- 
tion and  well  designed  timber  mill  con- 
struction will  be  small  in  the  ordinary 
warehouse  or  factory  building.  On  a  big 
job  concrete  frequently  will  be  cheaper. 
Many  times,  the  cost  is  prohibitive  under 
the  present  conditions.  The  writer  does 
not  advocate  using  high  stresses  merely 
to  reduce  cost,  but  he  does  believe  that 
it  is  time  for  building  departments  and 
framers  of  ordinances  to  recognize  the 
true  strength  of  hooped  columns  and  to 
provide  laws  which  will  permit  reason- 
able stresses  in  such  members. 

DESIGX    OF    CONCRETE    BUILDING 

W.  P.  Anderson",  presented  a 
paper  on  the  "Design  of  Concrete 
Buildings,"  which  dealt  mainly  with 
observations  of  the  behavior  of  actual 
buildings  of  the  beam  and  girder 
type  under  test  loads,  and  the  results 
•of  tests  on  special  test  beams  and 
pieces.  He  mentioned  that  lack  of 
attention  to  practical  details  by  de- 
signers is  responsible  for  manv  un- 
economical designs. 

Tests  made  on  continuous  beams 
by  Mr.  Anderson  indicate  that  the 
stresses  in  the  top  reinforcing  over 
supports  are  not  so  high  as  provided 
for  in  ordinary  design. 

Results  of  "pull  out"  and  "push 
out"  bond  tests  on  bars  embedded  in 
concrete  blocks  were  presented. 
These  showed  that  the  bond  resist- 

March,  1916 


ance  in  "push  out"  tests  was  greater 
than  in  tests  where  an  attempt  was 
made  to  pull  the  bar  from  the  con- 
crete, due  no  doubt  to  the  tendency 
of  the  bar  to  enlarge  under  compres- 
sive stress  and  the  bearing  on  the 
end  of  the  bar. 

CONSTRUCTION    01"    FL.VT    SL.\B    FLOORS 

A  popular  paper  entitled  "Con- 
struction of  Flat  Slab  Floors,"  illus- 
trated with  a  large  number  of  slides, 
was  presented  by  Alfred  E.  Lin- 
dau'*.  This  paper,  presented  in  an 
impartial  manner,  created  consider- 
able interest,  illustrating  as  it  did, 
practically  all  forms  of  fiat  slab  con- 
struction and  steps  in  the  early  de- 
velopment of  the  art  of  flat  slab 
design.  That  flat  slabs  can  with- 
stand, without  distress  and  little  le- 
flection,  loads  very  much  in  e.vcess 
of  the  designing  load,  w.is  evidenced 
by  the  many  test-load  photographs 
presented.  The  adaptability  of  flat 
slabs  and  their  numerous  alvantages 
were  clearly  illustrated  by  photo- 
graphs and  diagrams. 

GENESIS      OF      REINFORCED      CONCRETE 
CONSTRUCTION 

"Genesis  of  Reinforced  Concrete 
Construction"  was  the  title  of  an 
historical  paper  by  Prof.  W.  K. 
Hatt'°,  dealing  with  early  literature 
on  concrete  construction  and  exam- 
ples of  early  construction.  Prof. 
Hatt  illustrated  very  clearly  by 
means  of  a  diagram  thrown  on  the 
screen  the  slow  progress  in  literature 
of  reinforced  concrete  made  from 
1870  to  1890  and  the  rapid  strides 
made  from  that  time  u])  to  1900, 
when  over  300  titles  were  listed. 

One  of  the  most  interesting  slides 
shown  was  that  of  a  reinforced  con- 
crete roof  slab  of  20-ft.  span  and 
12-in.  thickness,  built  by  Coignet,  in 
France,  in  1852,  which  was  in  good 
condition  in  1910.  Other  notewor- 
thy dates  mentioned  were:  1861 — 
Coignet's  book,  the  first  on  the  sub- 
ject of  concrete,  published;  1871 — 
a  reinforced  concrete  arch  of  .50- ft. 
span  with  skeleton  frame  built  at 
Ipswich;  1877 — Hyatt's  book,  the 
first  attempt  at  arriving  at  a  theoret- 
ical basis  of  design  for  reinforced 
concrete,  published;  1889 — rein- 
forced concrete  arch  built  at  Golden 
Gate  Park,  San  Francisco;  1892 — 
the  first  monthly  concrete  journal  ap- 
peared in  France;  1894 — sawtooth 
roof  construction  of  concrete  used 
on  a  factory  in  France;  1902 — Beton 
11.  Eisen,  the  famous  German  pub- 
lication on  concrete,  made  its  first 
appearance. 

"Mgr.,  Corrugated  Bar  Co.,  Chicago 
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Prof.  Hatt  rendered  a  glowing 
tribute  to  the  early  experimenters  to 
whom  we  owe  much  for  our  present 
status  in  concrete  design  and  con- 
struction. Present-day  theorists  are 
very  likely  to  underestimate  the  value 
of  the  works  of  the  early  construc- 
tors, but  their  many  works  stand  as 
witness  to  the  skill  of  the  men  en- 
gaged in  concrete  construction  prior 
to  1900. 

A    FURTHER   DISCUSSION    OF   THE    STEEL 
STRESSES   IN   FLAT   SLAB    FLOORS 

In  the  absence  of  Prof.  H.  T. 
Eddy  his  paper,  "A  Further  Discus- 
sion of  the  Steel  Stresses  in  Flat 
Slab  Floors"  was  presented  by  A.  L. 
.Johnson,  who  read  only  small  por- 
tions of  the  paper,  it  having  been 
printed  and  distributed  in  advance 
of  the  convention.  This  gave  oppor- 
tunity for  the  preparation  of  several 
discussions  which  took  pronounced 
exception  to  some  of  Prof.  Eddy's 
statements. 

THEORY    AND    TESTS    OF    FLAT    SLABS 

Edward  Smulski,  consulting  en- 
gineer, Boston,  read  a  paper  on 
"Theory  and  Tests  of  Flat  Slabs," 
descriptive  of  his  system  of  radial, 
circular  and  direct  reinforcement  for 
flat  slabs-".  The  results  of  a  test  on 
a  panel  of  this  type  were  given,  as 
well  as  those  of  tests  on  circular 
cantilever  slabs  from  which  the 
author  has  deduced  to  his  own  satis- 
faction that  radial  and  circumferen- 
tial reinforcing  is  more  effective 
than  straight  bars. 

DESIGN     OF     REINFORCED     CONCRETE 
FOUNDATIONS 

"Design  of  Reinforced  Concrete 
Foundations  for  Buildings,"  by  R. 
L.  Berlin-'^,  was  presented  by  title 
and  accepted  without  discussion.  The 
paper  was.  a  plea  for  the  general 
acceptance  of  the  methods  of  design- 
ing footings  proposed  by  Prof.  A. 
N.  Talbot  in  Bulletin  No.  67  of  the 
University  of  Illinois,  Engr.  Exp. 
Sta.,  in  order  to  eliminate  the  wide 
differences  in  methods  of  design. 

REPORT  OF  COMMITTEE  ON  FIREPROOP- 
ING 

The  report  of  the  committee  on 
Fireproofing,  chairman  ^laj.  John  S. 
Sewell,  was  read  in  the  absence  of 
the  chairman  by  Secretary  Goodell. 
In  brief  the  report  stated  that  as  a 
result  of  tests  under  way  the  com- 
mittee hoped  to  draw  up  specifica- 
tions for  fireproofing  which  wonld 
set  a  very  high  standard  since  mem- 
bers of  the  cornmittee  feel  it  very 
necessary     that     good    practice    be 
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clearly  defined.  The  committee  asked 
to  be  continued  and  its  report  was 
accordingly  accepted  as  a  progress 
report. 

REPORT    OF   COMMITTEE    ON    CONCRETE 
SURFACES 

Cloyd  M.  Chapman--,  as  chairman 
of  the  committee  on  Treatment  of 
Concrete  Surfaces,  read  a  progress 
report  and  commented  upon  some 
suggested  amendments  to  be  balloted 
upon  before  the  next  convention. 
Mr.  Chapman  told  of  the  tests  now 
being  made  by  the  Bur.  of  Stand- 
ards, AVashington,  D.  C,  from  which 
it  is  hoped  that  some  very  valuable 
data  as  to  concrete  surfaces  will  he 
obtained.  The  meeting  closed  with 
a  discussion  on  cracks  in  stucco. 

TESTS  SHOWING   CONTINUED   DEFORMA- 
TION UNDER  CONSTANT  LOAD 

"Tests  Showing  Continued  Defor- 
mation Under  Constant  Load"  was 
the  title  of  a  paper  by  Prof.  A.  H. 
Fuller'^  and  Prof.  C.  C.  More'^ 
Prof.  A.  B.  McMillan,  University  of 
Minnesota,  read  this  paper  and  in  ad- 
dition presented  data  on  similar  tests 
made  by  him  which  showed  that 
shrinkage  of  concrete  exerts  an  in- 
fluence in  reducing  the  apparent 
tensile  stress  in  the  reinforcement  of 
beams  and  slabs.  The  following 
brief  summar_v  of  the  paper  is  of 
interest. 

In  making  a  recent  test  (Apr., 
1915)  of  a  reinforced  concrete  build- 
ing it  was  found  that  the  concrete 
deformations  in  the  building  greatly 
exceeded  those  in  laboratory  tests 
under  unit  stresses  presumably  ap- 
proximately the  same.  It  was  also 
found  that  the  deformations  in  the 
building  increased  during  the  few 
days  that  the  maximum  test  load  was 
allowed  to  remain.  It  seemed  prob- 
able, therefore,  that  the  time  cle- 
ment should  be  considered  in  inter- 
preting the  stresses,  but  no  literature 
was  found  giving  data  on  the  sub- 
ject. 

Use  was  then  made  of  three  avail- 
able compression  specimens  in  ap- 
plying increments  of  load  at  inter- 
vals of  2t  hrs.  at  approximately  the 
same  rate  as  in  the  building.  The 
accompanying  diagram  (Fig.  1) 
shows  the  relation  between  days 
under  load  and  deformation  during 
the  periods  that  the  specimens  were 
under  constant  load. 

It  seems  apparent  that  the  mod- 
ulus of  elasticity  as  a  measure  of  the 
relation    of    stress     to     deformation 


^  I  8  £   I  §  t  5  I  ^  '^   ^ 
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termining  the  stresses  that  are  rep- 
resented by  observed  deformations 
in  concrete  that  has  been  under  load 
for  a  considerable  period  of  time. 
However,  the  modulus  of  elasticity 
as  a  measure  of  the  relation  of  stress 
to  deformation  as  determined  from 
time  tests  in  which  the  rate  of  appli- 
cation is  the  same  would  furnish 
means  for  making  a  fairly  satisfac- 
tory determination  of  the  existing 
stresses.  Thus  in  Fig.  2,  an  average 
line  has  been  drawn  through  the 
points  showing  the  deformations 
twenty-four  hours  after  each  load 
was  applied,  and  the  modulus  of 
elastieitj'  corresponding  to  each  of 
these  lines  has  been  noted.  These 
moduli  will  serve  as  a  basis  for  de- 
termining stresses  within  correspond- 
ing deformations  and  days.  They 
will  doubtless  give  results  in  excess 
of  actual  stresses  for  deformations 
greater  than  those  observed. 

It  is  realized  that  these  tests  are 
inadequate  for  use  other  than  on  the 
building  in  question.  It  is  believed, 
however,  that  they  indicate  that  the 
plasticity  of  concrete  must  be  recog- 
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nized  and  distribution  of  stress  be- 
tween steel  and  concrete  in  rein- 
forced concrete  structures  ma}-  be 
quite  different  from  that  usually  as- 
sumed. 

Following  this  Carl  B.  Smith-* 
presented  a  paper  along  the  same 
lines  entitled  "The  Flow  of  Concrete 
Under  Sustained  Load,"  which  veri- 
fied the  contentions  set  forth  in  the 
previous  paper.  Mr.  Smith  con- 
cludes that: 

■  the  deformation  of  concrete  due  to 
stress  contains  two  factors,  one  which  is 
probably  somewliat  elastic  and  tlie  other 
a  molecular  displacement  or  f^o\s\  the 
magnitude  of  the  flow  factor  is  depend- 
ent upon  the  time. 

The  determination  of  stress  values  in 
concrete  structures  from  the  deforma- 
tions of  the  concrete  is  rather  question- 
able and  entirely  dependent  upon  the 
time  factor.  Stress  values  obtained  from 
initial  deformations,  within  only  a  few 
minutes  after  the  application  of  the 
load,  are  probably  more  nearly  true  than 
later  determinations.  ♦  *  ♦  The  ef- 
fect of  flow  in  most  cases  is  to  change  or 
relieve  the  stress  value;  where  this  is 
impossible  there  is  a  gradual  change  in 
the  length  of  the  member,  continuing 
possibly  for  several  weeks.     *     ♦     « 

In  the  case  of  a  concrete  beam  with 
anchored  or  fixed  ends,  the  temperature 
stresses  are  sup])Osed  to  be  very  large; 
but  since  the  temperature  expansion  is 
slow,  there  is  time  for  flow  to  occur  and 
thus  relieve  the  stress.  The  amount  of 
relief  may  be  from  257^  to  80%  of  the 
computed  temperature  stress,  depending 
upon  the  relative  magnitude  of  the  stress 
and  the  time  factor.     ♦     »     *     » 

This  phenomenon  of  the  fiow  of  con- 
crete may  explain  the  abnormal  stress 
conditions  which  apparently  exist  in  some 
structures,  such  as  concrete  roads,  pave- 
ments and  arches.  The  subject,  how- 
ever, needs  much  investigation  to  estab- 
lish its  exact  effect  and  magnitude,  be- 
fore it  should  be  considered  as  a  factor 
in  design. 

THE  INFLUENCE   OF   TEMPERATURE    ON 
THE     STRENGTH     OF     CONCRETE 

"The  Influence  of  Temperature  on 
the  Strength  of  Concrete"  was  the 
title  of  a  paper  by  Prof.  A.  B.  Mc- 
Daniel.-^  This  paper,  having  been 
printed  for  distribution  before  the 
meeting,  was  not  read  but  the  author 
gave  a  brief  talk  on  the  subject.  The 
conclusions  drawn  by  Professor  Mc- 
Daniel  are  briefl}-: 

1.  Under  uniform  temperature 
conditions  there  was  an  increase  in 
strength  with  age  within  the  time 
limits  of  the  tests. 

2.  It  is  evident  that  if  the  con- 
crete is  to  acquire  a  reasonable  self- 
sustaining  or  a  load-bearing  strength 
in  a  short  time  (conditions  which  or- 
dinarily obtain  in  building  work),  it 
is  necessary  to  place  the  concrete 
under  the  most  favorable  conditions 
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and  maintain  tliesc  conditions  during 
the  first  few  days.  Concrete  which 
is  protected  and  maintained  at  a  tem- 
perature of  from  <)()^  !•'.  to  70°  F. 
will  at  the  ape  of  one  week  have 
practically  double  the  strength  of  the 
same  material  which  is  kept  unpro- 
tected at  a  low  tem]>erature  of  from 
32°  F.  to  K)  F.  Under  freezing 
temperature  conditions  the  materials 
should  be  heated  so  that  the  con- 
crete will  have  an  average  tempera- 
ture of  from  60°  F.  to  70°  F.  and 
the  concrete  in  place  kept  under  an 
air  tem|)erature  of  not  less  than  kT^ 
F.  by  artificial  heat  during  tlie  first 
week.  This  ])rovision  for  favorable 
temperature  conditions  avoids  the 
well  known  injurious  efl'ect  of  the 
freezing  of  the  water  in  the  concrete, 
and  also  the  deteriorating  efi'ect  of 
the  alternate  freezing  and  thawing 
of  the  concrete. 

TESTS   ON    CONCRETE    COLl'MNS,    PLAIN 
AND    IlEINFORCED 

A  paper  entitled  "Tests  on  Con- 
crete Columns.  Plain  and  Rein- 
forced," by  Prof.  F.  P.  McKibbcn-" 
and  E.  S.  Merrill,-"  was  presented 
briefly  by  F..  .1.  Moore,  advance  cop- 
ies having  been  distributed.  There 
was  no  discussion  of  this  paper. 

The  tests  showed  that  for  ]ilain 
columns  5'  long,  IV  in  diam.  and 
8-in.  X  ]()-in.  cylinders  the  average 
compressive  strengths  were  very 
nearly  equal,  while  the  strengths  of 
10- ft.  and  20-ft.  columns  are  ap- 
proximately equal,  amounting  to 
8l9r  of  the  strength  of  cylinders. 
Under  axial  compression  the  diam- 
eter of  a  column  is  increased  and  its 
length  decreased.  Tliis  swelling,  re- 
sulting from  longitudinal  compres- 
sion, is,  under  low  unit  loads,  much 
less  than  the  unit  longitudinal  defor- 
mation, that  is,  Poisson's  ratio  in- 
creases as  the  unit  longitudinal  de- 
formation increases. 

Tests  on  reinforced  columns  indi- 
cated that:  Spiral  reinforcement  in- 
creases the  ultimate  strength,  prac- 
tically in  proportion  to  the  percent- 
age of  spirals  until  1  %  is  reached. 
For  percentages  larger  than  1,  the 
rate  of  increase  is  not  so  great.  For 
unit  compressive  stresses  under  2,;100 
lbs.  per  sq.  in.  longitudinal  deforma- 
tions are  only  very  slightly  affected 
by  spiral  reinforcement,  but  under 
large  unit  compressive  stresses  the 
spirals  restrain  the  lateral  swelling 
of  the  concrete,  hence,  retard  the 
longitudinal  deformations.  For  spir- 
ally reinforced  columns  the  effect  of 
increasing  the  vertical  steel  is  to  de- 
crease the  longitudinal  deformation. 


^Lehigh  University 

"Asst.  to  Chf.  Engr.,  Turner  Const.  Co. 

ilarch,  1916 


because  the  modulus  of  elasticity  of 
vertical  steel  is  materially  greater 
than  the  modulus  of  elasticity  of  the 
concrete ;  an  increase  of  vertical  steel 
.also  decreases  the  lateral  deforma- 
tion. The  results  of  these  tests  in- 
dicate that  vertical  steel  increases 
the  ultimate  strength  and  that  the 
greater  the  percentages  of  vertical 
steel  the  greater  the  ultimate 
strength.  This  applies  only  to  col- 
umns in  which  the  vertical  rods  are 
]iroperly  supported  against  buckling. 

I'USSIBILITIES  OF  SPEED  ON  HIGH 
ntlLUINGS    WITH    UNIT    CONSTRUCTION 

Charles  W.  Watson"*  read  a  most 
interesting  illustrated  paper  on  the 
"Possibilities  of  Sliced  on  High 
Buildings  witii  Unit  Concrete  Con- 
struction." The  construction  meth- 
ods used  in  the  erection  of  the  super- 
structure of  an  eiglit-story  cold  stor- 
age building  in  six  weeks  were  told. 
The  building  consisted  of  structural 
steel  columns  and  girders  supporting 
pre-cast  beams  and  sl.ibs.  the  plac- 
ing of  concrete  members  following 
so  closely  behind  the  steel  erectors 
that  no  temporary  plank  floors  were 
laid  on  the  steel,  as  is  usually  the 
case  in  high  steel  frame  construc- 
tion. 

The  beams  and  slabs  were  cast 
in  steel  forms  in  a  nearby  yard  while 
the  foundations,  which  presented  nu- 
merous difficulties,  were  being  put 
in.  The  cost  of  formwork  for  these 
members,  based  on  using  forms  for 
at  least  three  jobs,  was  2  cts.  per 
sq.   ft.,  a  remarkably  low  figure. 

After  the  steel  frame  for  a  floor 
had  been  completed  the  concrete  floor 
beams  were  placed  by  steel  erectors, 
the  derricks  raised  and  the  laying 
of  the  sectional  floor  slabs  2"  thick 
begun.  These  were  laid  in  a  mortar 
bed  on  ledges  provided  on  the  beams 
after  the  steel  beams  between  col- 
umns were  encased  in  concrete,  thus 
securing  the  ends  of  floor  beams. 

The  speed  of  erection  attained  is 
believed  to  be  a  record  in  cold  stor- 
age building  construction,  the  floors 
being  put  into  use  on  an  average  of 
30  das.  after  completion. 

TESTS   OF    REINFORCED    CONCRETE 

"Tests  of  Reinforced  Concrete," 
by  Burtis  S.  Brown-",  was  the  sub- 
ject of  a  paper  illustrating  the  re- 
sults of  tests  on  flat  slab  test  panels 
with  difl^'erent  shaped  column  heads 
and  arrangeinent  of  reinforcing.  In 
the  absence  of  the  author  the  results 
of  the  tests  were  explained  by  W. 
A.  Slater,  who  conducted  the  tests. 

The  test  structure,  one  story  high, 
consisted  of  16  panels  of  four-way 
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reinforced  slab  witli  column  capitals 
of  different  sizes  and  shapes  and 
four  distinct  types  of  reinforcement. 
The  edges  of  the  slab  were  flush 
with  the  outside  face  of  exterior  col- 
umns, a  condition  tending  to  throw 
considerable  bending  in  the  columns 
under  the  test  load. 

The  deformation  and  stress  read- 
ings shown  b_v  diagrams  were  of 
much  interest,  the  diagram  for  stress 
in  steel  over  the  column  head  show- 
ing a  very  sudden  drop  in  stress  in 
the  vicinity  of  the  edge  of  the  cap- 
ital, indicating  a  sudden  change  in 
bond  stress  which  must  be  properly 
taken  care  of  in  design.  This  con- 
dition was  no  doubt  aggravated  by 
the  unusually  thick  plate  surfnount- 
ing  the  column  head. 

Failure  took  place  in  one  corner 
group  of  panels  with  small  column 
capitals,  due  to  excessive  tension  in 
the  reinforcement,  and  was  hastened 
by  excessive  bending  in  exterior 
columns.  The  fact  that  the  other 
))ortion  of  the  test  structure  did  not 
fall  under  the  s.ame  load  is  explained 
by  the  larger  column  capitals  under 
the  slab.  An  interesting  point  dis- 
closed by  the  photogra))l)s  shown 
was  that  the  failure  was  not  sudden 
but  a  gradual  progressive  breaking 
down  of  the  slab  over  columns. 

REPORT      OF      COMMITTEES      ON      REIN- 
FORCED    BRIDGES     AND     CULVERTS 

One  of  the  longest  and  most  com- 
plete reports  presented  at  the  con- 
vention was  the  preliminary  report 
of  the  committee  on  Reinforced 
Bridges  and  Culverts.  This  was 
read  in  part  bv  the  chairman,  C.  B. 
McCullough^"'." 

The  purpose  of  the  report  is  stat- 
ed to  be: 

1st.  To  promote  interest  and  discus- 
sion of  the  subject. 

3nd.  To  promote  better  design  anl 
construction  methods  and  to  eliminate 
failure  in  concrete  highway  bridge  work. 

The  report  is  so  well  arranged 
and  so  complete  that  it  can  hardly 
fail  to  serve  its  purpose.  The  fol- 
lowing abstracts  from  the  concise 
summary  given  at  the  beginning  of 
the  report  give  some  idea  of  its  im- 
portance and  scope. 

Preliminary  Inresti(iation. — 1.  Xo  plans 
•should  be  sent  out  for  bridges  based  on 
reports  of  unskilled  local  officials. 

2.  Skilled  engineers  or  those  especially 
trained  should  make  the  study  of  the 
bridge  site. 

3.  Bridge  departments  .should  issue 
Wank  forms  listing  in  detail  all  ttie  in- 
formation that  the  field  engineer  should 
procure. 

4.  The  exact  wording  of  the  form  to 
be  decided  upon  by  each  individual  or- 
ganization. 
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5  A  thorough  knowledge  of  the  be- 
havior of  streams  is  necessary  before  a 
proper  report  on  the  bridge  site  can  be 
made. 

Selection  of  Type  of  Structure.— I. 
The  selecUon  of  the  type  of  structure  is 
influenced  by  a  large  number  of  local 
conditions  and  can  be  properly  made 
only  after  study.  In  general,  the  follow- 
ing laws  regarding  selection  will  hold. 

(a)  The  slab  is  well  adapted  for  spans 
of  from  16'  to  25'  where  simplicity  is 
desirable,  and  where  the  bead  room  is 
low,  for  multiple  span  construction 
where  low  pier  heights  or  foundation 
conlitions  render  this  type  economical, 
and  for  locations  near  natural  deposits  of 
concrete  materials. 

(b)  The  through  girder  is  adapted  for 
spans  of  from  20'  or  24'  up  to  50'  or  60' 
where  not  to  exceed  20-ft.  roadways  are 
required,  where  the  head  room  is  low,  and 
where  a  massive  arcliitectural  treatment 
is  desired.  ^   ,    . 

(c)  The  deck  girder  is  adapted  to 
spans  of  from  20'  to  24'  up  to  50-  or 
60'  where  head  room  is  not  limited  and 
to  any  width  of  roadway:  especially 
adapted  to  viaduct  construction  where 
the  greatest  economy  is  desired.  This 
type  is  susceptible  of  ornamental,  archi- 
tectural  treatment. 

(d)  The  arch  type  is  adapted  for  long 
span  construction,  for  construction  over 
excessively  high  openings  where  the  cost 
of  abutments  and  piers  for  multiple 
short  span  girders  or  slabs  would  be 
prohibitive,  where  clear  spans  longer  than 
SC  or  60'  are  necessary,  and  for  con- 
struction carrying  extra  heavy  traffic 
loadings.  Arches  are  not  to  be  recom- 
mended except  for  the  very  best  of  foun- 
lation  conditions.  This  t\TJe  is  particu- 
larly adapted  for  locations  where  beauty 
of  outline  is  demanded. 

Bridge  Lnculmqs.—\.  Accurate  meas- 
urements should  be  made  to  determine 
the  weight  of  filling  material  since  con- 
siderable variation  in  stress  may  result 
from  a  variation  in  weight  of  earth  fill. 

2.  A  knowledge  of  traffic  conditions 
is  necessary  to  determine  the  safe  and 
economical  load  that  a  bridge  is  to  carry. 

3.  Bridges  should  be  classified  as  to 
loads  they  are  to  carry. 

4.  Pending  experimental  data  on  the 
distribution  of  live  load  concentrations 
through  fills,  it  is  recommended  that  tlie 
most  conservative  practice  be  alopted  in 
this  regard. 

Details  of  Besif/n.—X.  The  slab  type 
is  .the  simplest  of  all  types  in  design,  but 
a  further  investigation  of  the  lateral  dis- 
tribution of  load  concentrations  should 
be  made.  This  problem  is  being  investi- 
gated at  a  number  of  experimental  sta- 
tions. 

2.  The  through  girder  type  presents 
more  complications  in  design.  Further 
investigations  are  necessary  to  determine 
the  position  of  the  neutral  axis  for  dif- 
ferent conditions  of  loading,  to  deter- 
mine the  best  distribution  of  the  rein- 
forcement and  to  settle  other  questions 
as  discussed  on  a  following  page. 

3.  The  deck  girder  type  is  more  com- 
plicated in  design  than  either  of  the 
foregoing;  the  chief  point  in  doubt  being 
the  width  of  floor,  also  which  may  be 
con.sidered  as  acting  with  the  girder  as 
a  part  of  the  T-beani.  The  safe  value 
which  may  be  assumed  for  this  width 
must  obviously  be  determined  by  further 
tests  but  our  present  knowledge  would 
recommend  an  assumed  total  width  not 
to  exceed  75%  of  the  distance  center  to 
center  of  girders,  nor  should  it  prefer- 


ably exceed  six  times  the  width  of  the 
girder  stem,  nor  eight  times  the  thickness 
of  the  floor  slab. 

Special  precaution  should  be  taken  to 
provide  ample  reinforcement  for  the 
girders,  which  reinforcement  should  pref- 
erably be  proportioned  to  take  the  entire 
diagonal  tension,  assuming  that  none  of 
this  stress  is  borne  by  the  concrete. 

The  reinforcement  in  the  lower  side 
of  the  floor  should  be  made  continuous 
over  the  girders. 

4.  In  the  design  of  arches,  stresses 
arising  from  the  lateral  movement  of 
foundations  may  greatly  increase  the 
stresses  in  the  superstructure.  For  this 
reason,  the  use  of  this  type  should  be 
restricted  to  those  locations  where  the 
best  foundations  may  be  secured. 

Reinforced  arches  should  be  propor- 
tioned to  withstand  stresses  induced  by  a 
variation  in  temperature,  given  by  the 
formula : 

Y=90°— .S3X 
where  "Y"  is  the  range  in  degrees  F.  and 
"X"  may  be  taken  as  V2  the  average 
thickness  of  the  arch  ring.  Where  the 
yearly  range  of  air  temperature  is  less 
than  135°  F.,  this  value  may  be  somewhat 
decreased. 

The  effect  of  axial  compression  or  rib 
shortening  may  considerably  modify  the 
stress  values  and  should  be  taken  into 
account  in  the  design  of  this  type. 

Reinforced  arches  should  be  provided 
with  reinforcement  throughout  the  en- 
tire arch  ring,  along  both  the  intrados 
and  the  extrados  of  the  arch. 

Vertical  expansion  joints  are  neces- 
sary where  the  spandrel  walls  join  the 
abutment  wing  walls  at  the  piers  and  at 
one  or  more  points  over  the  arch  ring, 
depending  on  its  length. 
5.     Substructure  design. 

(a)  Until  further  experimental  data 
are  available,  the  pressure  to  be  assumed 
for  back  filling  .should  not  be  less  than 
that  due  to  a  fluid  weighing  25  lbs.  per 
cubic  ft.  This  value  is  to  be  increased 
if  the  filling  is  liable  to  be  saturated. 

(b)  Special  precautions  should  be 
taken  to  secure  drainage  of  the  back  fill- 
ing material. 

(c)  Bearing  power  tests  of  founda- 
tions should  be  made  for  all  structures 
of  any  considerable  size.  In  general, 
wherever  piles  can  be  readily  driven,  they 
should  be  used. 

(d)  If  the  character  of  the  strata  un- 
derlying the  foundation  is  such  as  to 
necessitate  the  use  of  very  short  piles, 
the  foundation  should  probably  be  car- 
ried deeper   rather  than  piled. 

At  the  Wednesday  afternoon  ses- 
sion, the  first  paper  presented  was 
"Difficult  Foundation  Work  on  the 
Bay  of  Fundy"  by  X.  M.  Loney'^ 
Xo  discussion  %yas  brought  out  in 
connection  with  this  paper. 

FORMS   FOR   CONCRETE   WORK 

The  second  paper,  entitled.  "Forms 
for  Concrete  Work,"  by  R.  A.  Sher- 
win^",  was  printed  in  advance  and 
discusses  methods  employed  by  the 
Aberthaw  Construction  Co..  Boston. 
Mr.  Sherwin  states  that  the  form 
cost  is  18^4o%  of  the  total  cost 
of  the  work;  12%  of  this  cost  is  la- 

^CM.  Engr.,  American  Can  Co.,  N.  Y. 
'Ties.    Engr.,    Aberthaw    Const.    Co.,    New 
Haven,  Conn. 


bor.  Stress  is  laid  on  the  desirability 
of  designing  forms  in  the  drafting 
room.  Attention  was  called  to  the 
tendency  of  shoring  lumber  to  crush 
across  the  grain.  A  -l-in.  x  -i-in.  post 
under  a  4-in.  wide  girt  is  good  for 
6,400  lbs.  Emphasis  was  placed  on- 
the  necessity  of  detailed  kno^vledge 
of  conditions  before  designing  forms 
or  ordering  lumber.  The  points 
specially  mentioned  are:  story 
heights,  which  should  be  uniform 
where  possible  to  avoid  cutting  and 
splicing  of  shores.  Construction 
joints  should  be  located  by  require- 
ments of  design  and  the  daily  capa- 
city of  the  concrete  plant.  The  kind 
of  windows  should  be  kno^yn  in  ad- 
vance and  provision  made  for  them. 

Mr.  Sherwin  calls  attention  to  the 
importance  of  column  yokes  and 
criticizes  certain  published  table* 
and  the  recommendations  of  some 
clamp  manufacturers.  He  believes 
that  both  writers  and  manufacturers 
make  their  requirements  much  too- 
low.  He  believes,  too,  that  steel 
forms,  while  economical  for  certain 
classes  of  work,  are  of  doubtful  econ- 
omy on  buildings,  except  for  columns- 
and  column  heads,  but  calls  atten- 
tion to  the  smooth  surface  produced 
by  them  which  can  be  cheaply  fin- 
ished. Mr.  Sherwin's  paper  will  be 
presented  more  in  detail  in  an  early- 
issue  of  Concrete. 

A  proper  use  of  gr.^vity  concrete- 
chute 

The  use  of  concrete  chutes  was 
the  subject  of  a  paper  by  W.  H. 
Insley  and  C.  C.  Brown. ^^  The  great 
interest  in  this  subject  at  this  time 
makes  it  advisable  to  present  this 
paper  in  more  detail  in  an  early  issue 
of  Concrete.  It  was  pointed  out 
that  properly  mixed  concrete  at  the 
right  consistency  for  maximum- 
strength  will  flow  better  than  con- 
crete with  an  excess  of  water. 

concrete  viaducts  .^nd  bridges  op^ 
cincinnati 

Frank  L.  Raschig^*  presented  a 
paper  illustrated  by  a  large  number 
of  lantern  slides  on  "Concrete  Via- 
ducts and  Bridges  of  Cincinnati,"" 
showing  the  extent  to  which  the  con- 
crete bridge  is  being  developed  in- 
Cincinnati. 

CONSTRUCTION        METHODS       ON        THE 

TUNKHANNOCK    AND    MARTIn's 

CREEK    VIADUCTS 

This  paper,  printed  in  advance  of 
the    convention,    was    read    by    title 

^Indianapolis,  Ind. 

2<Prin.  Asst.  Engr.,  Div.  of  Structures, 
Dept.  of  Public  Service,  Cincinnati 
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only,  the  author,  C.  W.  Simpson^', 
not  being  present.  The  year  of  1913 
has  reeorded  the  completion  of  a 
record  ninnber  of  important  bridge 
structures.  Mr.  Simpson's  paper 
describes  the  methods  and  j)lant  used 
at  the  Tunkiiannoek  viaduct.  Notable 
features  of  liiis  work  are  the  use  of 
a  300-ft.  intermediate  c.ableway 
tower,  so  designed  as  to  allow  the 
arched  ribs  of  the  bridge  to  pass 
through  it.  Steel  centering  of  econ- 
omical design  was  reused  several 
times  while  the  use  of  unit  forms  for 
pier  construction  resulted  in  great 
economy  of  form  materials  and  labor. 
The  importance  of  careful  mixing  is 
indicated  by  the  concrete  specifica- 
tions requiring  all  concrete  to  be 
turned  in  the  mixer  for  from  2  min. 
to  2^2  nii"-  ^'"'  limiting  the  mixer 
output  to  17  batches  per  hr. 

TESTS     ON      LARGE      REINFORCED      COX- 
CRETE    SLABS 

An  illustrated  paper,  "Tests  of 
Large  Reinforced  Concrete  Slabs," 
by  A.  T.  Goldbcck'"  and  Earl  B. 
Smitlr'^,  was  presented  by  Mr.  Smith. 
Tests  on  slabs  having  width  equal  to 
twice  the  span  length  indicated 
among  other  things,  that  the  spread- 
ing out  of  the  load  through  the  slab 
varies  as  the  thickness  of  the  slab. 

REINFORCED      CONCRETE      CHIM.NEVS 

The  report  of  the  committee  on 
Reinforced  Concrete  Chimneys  was 
not  eom|)lete  but  observations  so  far 
taken  indicate  that  considerable 
study  will  be  necessary  before  all 
problems  of  concrete  chimney  design 
are  successfully  solved,  due  largely 
to  the  continued  heat  and  extreme 
dryness  which  tend  to  lower  the 
strength  of  the  concrete. 

REPORT   OF    COMMITTEE    ON    CONCRETE 
ROADS    AND    PAVEMENTS 

The  meeting  of  the  Institute  on 
the  evening  of  Feb.  16  was  devoted 
almost  entirely  to  roads.  A  feature 
of  special  interest  and  not  a  little 
humor  was  the  presentation  of 
changes  in  the  specifications  of  the 
Institute  for  the  construction  of  con- 
crete roads,  streets  and  alleys.  The 
report  was  made  by  A.  N.  .Johnson, 
Chairman  of  the  Institute's  commit- 
tee on  Roads  and  Paving.  The  prin- 
cipal alteration  in  the  standard  speci- 
fications of  the  Institute  was  with 
relation  to  reinforcing,  Mr.  Johnson 
reporting  that  after  a  serious  con- 
ference by  members  of  the  commit- 
tee   with    engineering   professors    of 
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several  universities,  the  committee 
was  obliged  to  report  that  it  knew 
very  little  about  reinforcing  concrete 
paving,  that  it  did  not  seem  to  be 
well  understood  where  the  reinforc- 
ing should  be  placed,  in  what  quan- 
tity it  should  be  used  and  that  there 
seems  to  be  no  general  agreement  as 
to  the  precise  purpose  of  reinforc- 
ing in  the  design  of  the  road; 
whether  it  should  be  placed  at  the 
bottom  or  at  the  ton  or  in  both 
places,  the  committee  could  not 
state. 

For  this  reason.  Article  5  of  the 
various  specifications  omits  the  sec- 
ond sentence  which  reads:  "All  rein- 
forcement shall  develop  an  ultimate 
tensile  strength  of  not  less  than  17,- 
(lOO  lbs.  per  sq.  in.  and  bend  180° 
around  one  diameter  and  straighten 
without  fracture." 

Article  5,  under  the  main  head 
of  "Materials  for  Paving,"  now 
reads,  "All  reinforcement  shall  be 
free  from  excessive  rust,  paint  or 
coatings  of  any  character  that  will 
tend  to  destroy  the  bond." 

In  .\rticle  30,  which  describes  the 
use  of  reinforcing,  the  committee 
eliminated  the  second  sentence,  which 
reads.  "The  cross-sectional  area  of 
the  reinforcing  metal  running  par- 
allel to  the  center  line  of  the  pave- 
ment shall  amount  to  at  least  0.038 
sq.  in.  per  ft.  and  the  cross-sectional 
area  of  reinforcing  metal  which  is 
perpendicular  to  the  center  line  of 
the  pavement,  shall  amount  to  at 
least  0.049  sq.  in.  per  ft.  The  entire 
specification  as  to  reinforcing  now 
reads  as  follows : 

Concrete  pavement  20'  or  more  in 
width  shall  be  reinforced.  The  rein- 
forced portion  sliall  have  a  wciglit  not 
less  than  28  lbs.  per  100  sq.  ft.  The 
ratio  of  the  effective  areas  of  reinforcing 
members  at  right  angles  to  each  other 
may  vary  from  1 :4  to  4:1.  The  spacing 
in  parallel  lines  of  reinforcing  members 
'ihall  not  be  more  than  8".  \  reduction 
of  3  lbs.  from  the  weight  specified  shall 
be  allowed  for  those  types  of  reinforc- 
ing not  requiring  extra  metal  at  inter- 
section. 

Reinforcing  metals  shall  not  be  less 
than  -2"  from  the  finished  surface  of  the 
pavement  and  otherwise  shall  be  placed 
as  shown  on  the  drawings  attached  here- 
to. The  reinforcing  metal  shall  extend 
to  within  3"  of  all  joints  but  shall  not 
cross  them.  Adjacent  widths  of  fabric 
will  be  lapped  not  less  than  4"  when  the 
lap  is  made  perpendicular  to  the  center 
line  of  the  pavement  and  not  less  than 
r  when  the  lap  is  made  parallel  to  the 
center  line  of  the  pavement. 

The  committee  added  the  follow- 
ing note  on  the  subject  of  reinforc- 
ing: 

The  committee  is  of  the  opinion  that 
the  weight  of  reinforcements  for  streets 
over  25'  wide  shall  be  greater  than  28 
lbs.   per  100  sq.  ft. 

In  making  the  report  with  rela- 
tion to  reinforcing  Mr.  Johnson  said 


that  the  committee  had  thought  best, 
in  view  of  an  acknowledged  uncer- 
tainty, to  draw  the  specifications  in 
a  way  to  admit  practically  anj'thing 
offered  commercially  for  road  rein- 
forcement now  on  the  market — ev- 
erything, Mr.  Johnson  said,  "from 
a  railway  tie  to  a  bedspring."  He 
thought  it  would  then  be  up  to  the 
advocates  of  various  methods  and 
systems  of  reinforcing  to  demon- 
strate the  advantages  of  various 
types  and  quantities. 

The  committee  makes  an  addition 
to  the  specifications  in  relation  to 
the  placing  of  concrete  on  reinforc- 
ing with  the  addition  of  the  follow- 
ing paragraph: 

The  concrete  above  the  reinforcement 
shall  be  placed  immediately  after  mix- 
ing and  in  no  case  shall  more  than  45 
min.  elapse  between  the  time  that  the 
concrete  below  the  reinforcement  has 
been  mixed  and  the  concrete'  above  the 
reinforcement  is  placed. 

Further,  the  committee  made  a 
slight  change  in  the  specifications  for 
fine  aggregate  in  the  requirement 
that  fine  aggregate  shall  not  contain 
vegetable  or  other  deleterious  mat- 
ter nor  more  than  3  %  by  weight  of 
clay  or  loam.  The  former  specifica- 
tion said  3  %  by  volume  of  clay  or 
loam.  Further  change  was  made  in 
this  requirement  for  fine  aggregate 
in  the  provision  for  field  tests  as 
follows : 

Routine  field  tests  shall  be  made  on 
fine  aggregate  delivered.  If  there  is 
more  than  5%  of  clay  or  loam  by  volume 
in  1  hour's  settlement  after  shaking  in 
an  excess  of  water,  tlie  material  repre- 
sented by  the  sample  shall  be  held  pend- 
ing laboratory  tests. 

CONCRETE     FOUNDATIONS    FOR     PAVE- 
MENTS FOR  HE.AVY  TRAVEL 

A  paper  on  "Concrete  Founda- 
tions for  Asphalt  Pavements  and 
Roads  Subject  to  Heavy  Travel,"  by 
Clifford  Richardson,^*  in  the  author's 
absence,  was  presented  by  title. 
It  called  attention  to  the  fact 
that  in  this  country  it  rarely  hap- 
pens that  the  concrete  base  for  heavy 
traffic  pavement  is  made  more  than 
6"  thick,  while  in  London,  England, 
on  one  of  the  streets  of  heaviest 
traffic  it  has  been  proposed  to  place 
11"  of  concrete  as  being  the  thick- 
ness necessary  for  the  conditions  to 
be  met  there.  Mr.  Richardson  be- 
lieves that  the  enormous  disturbance 
which  is  continually  going  on  for 
underground  operation  and  with  the 
increasing  weight  of  the  motor 
trucks,  it  will  be  absolutely  neces- 
sary in  this  country  to  build  heavier 
concrete  bases  for  our  heavy  traffic 
on  city  streets. 

"Consult.  Engr.,  Woolworth  Bldg.,  N.  Y.  C. 
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THE    CONSTRUCTION    OF    THE    EASTON 
ALLENTOWN    CONCRETE    ROAD 

John  T.  Gephart,  Jr.'s/"  paper  on 
"The  Construction  of  the  Easton- 
Allentown  Concrete  Road,"  was  read 
in  part  by  Lewis  R.  Ferguson.  Fea- 
tures of  this  work  are  covered  in 
considerable  detail  in  an  article  pub- 
lished in  this  magazine^". 

CONSTRUCTION  OF  THE  TORONTO-HAM- 
ILTON   HIGHWAY    BY   DAY    LABOR 

H.  S.  Van  Scoyoc''^  presented  an 
interesting  paper,  illustrated  with 
lantern  slides,  showing  construction 
work  on  the  36-mile  concrete  road 
being  built  between  Toronto  and 
Hamilton,  .Ont.  He  considered 
the  work  under  the  title,  "The  Con- 
struction of  tlie  Toronto-Hamilton 
Highway  by  Day  Labor"  and  paid 
particular  attention  to  the  organiza- 
tion of  the  work,  the  men  employed, 
and  the  equipment  used  in  handling 
materials  and  the  use  of  cranes  for 
loading  V-shape  dump  cars  oper- 
ated by  locomotive  as  a  part  of  an 
industrial  railway-  system  which  de- 
livered the  material  to  the  work  from 
three  different  yards.  An  interest- 
ing feature  of  his  description  of  tlie 
placing  of  materials  is  in  the  fact 
that  stone  and  sand  were  in  two  long 
piles  on  the  sub-grade.  After  the 
first  stone  was  dumped  tlie  tracks 
were  lifted  and  placed  on  top  of  the 
stone  and  further  material  hauled  on 
this  elevation.  Numerous  details  in 
connection  with  the  construction  of 
this  road  were  presented  through  the 
courtes}'  of  Mr.  Van  Scoyoc  in  tlie 
Feb.,  1916,  issue  of  this  maga- 
zine''-. 

THE  CONSTRUCTION  OF  THE  DUPONT 
BOULEVARD,  ETC. 

A  paper  by  Charles  L^pham'", 
under  the  title,  "The  Construction  of 
the  DuPont  Concrete  Boulevard," 
was  read  in  part  by  S.  Frank  But- 
ler". Inasmuch  as  the  DuPont  Road 
is  over  a  private  right  of  way  and 
for  long  stretches  is  built  on  virgin 
soil,  there  are  some  interesting  prob- 
lems in  connection  with  the  prepara- 
tion of  the  sub-grade,  and  as  the 
country  is  flat,  special  attention  had 
to  be  paid  to  drainage,  Generallv 
speaking,  the  soil  along  the  road  is 
sand  or  clay  or  a  mixture  of  these, 
but  in  some  instances  the  road  trav- 
erses swamps  or  depressions  where 
the  surface  consists  of  a  black  muck 
which  becomes  very  hard  in  dry 
weather  but  very  soft  and  slimy  in 

»Road  Engr.,  Fayette  Co.,  Pa. 

"Feb.,   1916,  issue,  p,   51 

"Chf.  Engr.,  Toronto-Hamilton  Higliway 
Commis.sion,  Toronto,  Ont. 

«P.  54,  Feb..  1916 

«Chf.  Engr..  Coleman  DuPont  Road, 
Georgetown,  Dei. 

"Road  Engr.  for  the  Portland  Cement  .\ssn. 


wet  weather.  This  soil  was  capable 
of  absorbing  and  retaining  a  large 
quantity  of  water.  Much  of  this  soil 
had  to  be  removed  and  replaced  with 
more  suitable  sub-grade  material.  In 
general  the  swamps  were  drained 
and  the  stumps  removed  before  the 
fill  was  deposited.  In  some  instances, 
however,  if  this  had  been  done  the 
cost  would  have  been  excessive,  so  the 
fill  was  made  directly  on  the  surface 
of  the  swamp  which  was  floating  on 
about  5'  of  black  muck  underlaid 
with  a  solid  foundation  of  sand  and 
bog  ore.  It  was  thought  that  the 
weiglit  of  the  fill,  which  was  approx- 
imately 5',  would  be  suflicient  to 
settle  it  to  a  firm  foundation.  Tliis 
was  found  not  to  be  tlie  case,  how- 
ever, until  holes  were  cut  through 
the  surface  of  the  swamp  near  the 
toe  of  the  fill  to  allow  the  weight  of 
the  fill  to  force  the  muck  up  through 
the  holes.  This  allowed  the  fill  to 
settle  to  a  firm  foundation.  This 
method  resulted  in  tlie  saving  of  ap- 
jiroximately  .$1,500  in  the  prepara- 
tion of  the  sub-grade. 

The  road  surface  on  the  section  of 
the  Boulevard  now  under  construc- 
tion consists  of  1  mi.  of  waterbound 
macadam,  1  mi.  of  bituminous  mac- 
adam, and  18.-1  mi.  of  plain  and  re- 
inforced concrete.  The  concrete  is 
It'  wide,  7"  deep  in  the  center  and 
5"  at  the  sides  on  a  flat  sub-grade. 
The  proportions  of  the  concrete  in 
general  are  1  part  cement,  2  parts 
sand  and  4  parts  stone,  Hydrated 
lime  was  used  in  various  quantities. 
Each  batch  of  concrete  was  mixed 
for  90  sec.  Xo  standard  length  of 
slab  was  adopted,  as  it  was  decided 
that  in  order  to  learn  what  the  maxi- 
mum length  of  slab  should  be,  joints 
should  be  placed  only  when  the  con- 
crete mixer  stopped  for  more  than 
15  min.  This  resulted  in  some  very 
long  slabs,  the  longest  being  460', 
Transverse  cracks  have  appeared  in 
tlie  longest  slab  and  because  these 
cracks  appeared  at  regular  intervals 
and  knowing  the  sub-grade,  materi- 
als, and  construction  to  be  especiallv 
good  it  would  seem  that  praeticallv 
all  of  these  cracks  were  due  to  con- 
traction and  followed  a  regular  prin- 
ciple. Steel  plates  were  used  at  each 
joint  made.  Most  of  the  pavement 
is  reinforced,  the  reinforcing  being 
placed  2"  from  the  top  surface.  Be- 
fore the  road  is  completed  it  is  pro- 
posed to  use  practically  all  kinds  of 
road  reinforcing. 

Great  stress  has  been  put  upon 
obtaining  good  material  and  carrying 
out  proper  methods.  It  is  probable 
that  the  construction  of  the  highway 
will  result  not  only  in  a  good  piece 
of  road  building  but  in  the  develop- 
ment of  a  large  amount  of  informa- 


tion with  relation  to  reinforcing, 
placing  of  joints  and  the  use  of  hy- 
drated lime.  So  far  the  use  of  hy- 
drated lime  has  been  in  small  quan- 
tities only  and  the  information  de- 
veloped is  meager. 

SPECIAL    FEATURES    IN    PAVEMENT 

R.  C.  Stubbs*^  presented  a  brief 
paper  on  "Some  Features  in  Pave- 
ments," in  which  lie  directed  atten- 
tion to  the  possibility  of  keeping 
moisture  out  from  under  the  pave- 
ment by  means  of  a  deep  curb.  The 
fact  that  the  earth  beneath  the  pave- 
ment absorbs  moisture  from  the 
sides  in  the  wet  season  and  gives  it 
ofl^  in  a  dry  season  results  in  the 
edges  of  the  pavement  being  alter- 
nately lifted  and  lowered  in  such  a 
way  as  to  induce  cracks  longitudin- 
ally. By  building  a  deep  curb  in- 
stead of  a  curb  and  gutter  combina- 
tion, he  says  he  keeps  this  moisture 
out  from  under  the  pavement  by 
going  deep  enough  to  get  away  from 
the  moisture  of  the  soil  at  the  edges 
of  the  road. 

CONCRETE    AOGREGATES 

The  Thursday  morning  session 
was  devoted  principally  to  a  discus- 
sion of  aggregates.  In  addition  to 
the  report  of  the  committee  on  Con- 
crete Aggregates,  notable  papers 
were  presented  by  C.  C.  Brown**, 
"How  Sliall  a  Rational  Specification 
for  Gravel  Concrete  be  Developed," 
and  by  Prof.  Duff"  A.  Abranis''"  on 
tests  of  885  sands  in  connection  with 
the  use  of  gravels  for  concrete.  It 
is  pointed  out  tliat  many  specifica- 
tions exclude  good  material  as  well 
as  pass  material  that  is  unsuitable. 
Tlie  great  variation  of  gravel  de- 
posits is  the  greatest  obstacle  to  in- 
spection. The  present  line  of  divi- 
sion between  sizes  of  sand  and 
gravel  may  not  be  so  drawn  as  to 
secure  best  results. 

The  attention  is  called  to  the  de- 
sirability of  having  surveys  made 
which  will  indicate  in  as  much  detail 
as  possible  the  physical  character- 
istics of  important  gravel  deposits. 
It  was  suggested  that  an  abrasion 
test  be  made  a  part  of  the  investiga- 
tion, especially  where  aggregates  are 
to  be  used  for  concrete  roads. 

The  paper  by  Mr.  Abrams  on 
tests  of  885  sands  is  a  summarized 
account  of  a  long  series  of  tests  at 
Lewis  Institute.  In  view  of  the  ex- 
tended treatment  of  the  subject  of 
concrete  aggregates  for  this  maga- 
zine*',  on   which  Professor   Abrams 

«Pres.,  R.  C.  Stubbs  Co.,  Dallas,   Tex. 

^'Editor,  Municival  Engineering,  Indianap- 
olis,  Ind. 

'"Prof,  in  Cliff.,  Structural  Materials  Labo- 
ratory, Lewis  Institute,  Chicago 

'■"Concrete  Asgregates,"  by  William  M. 
Kinney  and  Duff  \.  .\brams.  begun  in  Oct.. 
1913.  issue:  second  article  Feb.,  1916;  third 
article  .\pr.,  1916 
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is  now  engaged,  detailed  report  of 
this  paper  is  believed  to  be  unneces- 
sary. 

THE     USE     OF     THE     UNIVEHSAI,     SAND- 
TESTER 

The  session  was  closed  by  a  dis- 
cussion by  Cloyd  M.  Cha|)nian^'', 
who  demonstrated  the  Universal 
Sand  Tester^"  and  ex))laine(l  its  use 
in  cheeking  uj)  deliveries  of  sand  as 
to  their  i)roper  grading.  This  in- 
strument, he  said,  is  not  adapted  to 
determining  the  value  of  any  given 
sample  of  sand  for  concrete  work, 
but  it  does  enable  the  user  to  per- 
form ra])id  tests  which  will  deter- 
mine whether  or  not  n  certain  deliv- 
ery of  sand  approximates  a  prede- 
termined grading.  A  simple  form 
of  record  sheet  forms  a  jjart  of  this 
equipment,  enabling  the  results  to  be 
plotted  and  filed    for  reference. 

REINFORCED        CONCRETE        IN        SEWER 
DESIGN 

"Reinforced  Concrete  in  Sewer 
Design"  was  the  subject  of  a  paper 
by  VV.  W.  Horner''".  Mr.  Horner 
points  out  that  beginning  with  the 
adaptation  of  masonry  sewer  design 
to  concrete  by  sewer  engineers  on 
one  liand  and  radical  designs  involv- 
ing very  light  heavily  reinforced  de- 
signs by  concrete  experts  on  the 
other,  the  past  10  years  have  served 
to  modify  botii  types  to  the  needs  of 
,  sewer  construction.  He  believes  that 
under  average  conditions  a  close  ap- 
proach to  the  circle  is  likely  to  be 
most  eeononn'cal,  with  variations  to 
suit  local  conditions.  After  a  dis- 
cussion of  various  conditions  and 
construction  difficulties  which  effect 
the  design  he  makes  the  following 
recommendations  to  sewer  designers: 

1.  Use  the  best  grade  of  concrete  and 
considerable  excess  of  mortar. 

2.  Do  not  work  concrete  at  more  than 
450  lbs.  unless  the  construction  condi- 
tions  are   to   be  exceptionally    favorable. 

3.  The  concrete  cover  outside  of  the 
steel  should  be  at  least  2 ". 

4.  U.se  a  minimum  thickness  of  con- 
crete of  about  9"  unless  the  work  is  close 
to  the  surface,  or  is  to  l)e  built  under 
very  favorable  conditions,  and  increase 
this  minimum  and  also  the  cover  over 
the  steel  if  the  conditions  are  likely  to 
be  very  unfavorable. 

5.  Specify  the  setting  of  the  rein- 
forcement with  especially  designed  hold- 
ers. These  miglit  l>e  made  of  cast  iron 
and  left  in  the  concrete. 

6.  If  there  is  any  possibility  that  the 
trench  will  be  very  wet  or  mucky,  pro- 
vide for  a  suli-base  of  concrete  and  pro- 
vide means  of  keeping  the  trench  work 
away  from  the  work,  if  possible. 

7.  To  secure  a  concrete  that  will  flow 
into   place   with   the    least    resistance,    a 

"Engr.  of  Tests.  Westinghouse,  Cluircli, 
Kerr  &  Co.,  N.  Y.  C. 

"'Concrete  Appliances  Co.,  \.  Y.  C. 

™Engr.  in  Clig.  of  Design  of  Sewers,  St. 
Louis:  see  article  on  Concrete  Sewer  Design 
by  Mr.   Horner,  Coxcrete,  p.  139,  Oct.,  1914 
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s|)ccification  for  a  3Vi!-niin.  or  a  3-min. 
mix  should  be  seriously  considered,  as 
might  also  tlie  use  of  liydrated  lime. 
This  would  naturally  result  also  in  a 
denser  and  more  waterproof  concrete 
and  might  be  a  very  considerable  fac- 
tor in  prolonging  the  life  of  the  rein- 
forcement. 

8.  I'rovidc  for  a  lining  of  vitrified 
brick  for  tlie  invert,  or  at  Ica-st  provide 
an  excess  internal  area  to  allow  for  such 
a  lining  at  some  later  date.  This  Is  of 
more  importance  in  maintenance  than  in 
construction,  a.s  under  average  condi- 
tions it  is  easier  to  obtain  a  reasonably 
sm(M)th  invert  with  the  brick  than  to 
attempt  to  finish  the  concrete  itself. 

9.  Specify  cold  weather  methods.  Con- 
crete can  be  placed  satisfactorily  and 
economically  at  even  a  zero  temperature, 
if  projier  ])ri'<"autions  are  taken.  It 
should  be  noted,  however,  that  it  Is  quite 
easy  to  over-heat  the  finished  concrete 
and  to  drive  out  a  portion  of  the  water. 

Reference  was  made  to  pressure 
to  be  assumed  which,  according  to 
.Mr.  Horner,  may  vary  greatly,  but 
he  suggests  that  on  city  streets  un- 
der a  10- ft.  cover  a  15-ton  roller 
loading  equals  200  lbs.  per  sq,  ft. 

Construction  details  were  given  at- 
tention, including  the  necessarj'  pre- 
cautions for  cold  weather  work. 

THE    FALL    RIVER   CONCRETE    CONDUITS 

A  paper  on  "The  Design  of  the 
Proposed  Conduits  at  Fall  River, 
Mass."  was  read  by  Frederick  H. 
Fay'"'.  This  jiapcr  was  illustrated 
by  stereopticon  and  describes  the 
conditions  in  Fall  River,  which  have 
led  to  the  designing  of  a  unique 
scries  of  concrete  conduits.  These 
conduits  will  take  the  flow  from  a 
lake  which  supplies  water,  by  means 
of  a  small  stream  at  the  present 
time,  to  various  mills,  the  water  being 
used  for  condensation  purposes. 
Owing  to  the  lack  of  means  of 
control  the  present  supply  is  entirely 
inadequate  at  some  seasons  of  the 
year,  it  is  contaminated  by  sewage 
and  factory  waste  and  has  become  a 
nuisance. 

A  new  supply  will  be  arranged 
from  three  superimposed  conduits. 
The  lower  conduit  will  carry  cold 
water  to  supply  the  mills  and  will  be 
so  arranged  as  to  allow  an  adequate 
supply  at  all  times.  The  middle  con- 
duit will  provide  for  disposal  of 
surface  water  and  flood  conditions, 
while  the  upper  conduit  will  take  the 
hot  water  from  the  condensers  of  tlie 
mills  and  by  a  slight  reversed  grade 
return  it  to  the  lake  which  is  the 
water  supply,  the  hot  water  running 
in  the  opposite  direction  from  the 
water  in  the  two  lower  channels.  It 
is  expected  that  this  unique  solution 
of  a  hard  problem  will  be  carried  out 
in  the  near  future  and  be  of  great 
value  to  the  city  both  in  service  and 
by  the  removal  of  unsanitary  condi- 

^'Consult.  Engr.,  Boston 


tions  and  through  the  reclamation  of 
a  large  quantity  of  valuable  land 
now  unavailable. 

THE    DURABILITY    OF    CONCRETE    PIPE 

In  a  paper  on  "The  Durability  of 
Concrete  Pipe,"  J.  H.  Libberton"^ 
reviewed  briefly  the  progress  of  con- 
crete pipe  and  showed  the  necessity 
of  keeping  this  product  up  to  its  best 
standard  and  the  ability  of  concrete 
pipe  successfully  to  withstand  the 
demands  made  upon  it  bj'  sewage  and 
drainage  conditions. 

CONCRETE       CONSTRUCTION       AT       THE 
KENSICO    DAM 

A  paper  by  Wilson  Fitch  Smith'^ 
on  "Concrete  Construction  at  the 
Kensico  Dam,"  printed  in  ad- 
vance, was  read  by  title  only,  and 
the  next  paper,  "The  Reconstruction 
of  the  Austin  Dam,"  by  Lamar  Lyn- 
don^* and  Frank  M.  Taylor^^  was 
not  read.  It  is  expected  that  this 
paper  will  be  printed  and  distrib- 
uted at  a  later  date,  as  it  is  of  a 
rather  technical  nature  and  not  well 
adapted  to  rapid  presentation. 

MIDDLEBORO    WATER    TOWER 

The  construction  of  the  Middle- 
boro,  Mass.,  water  tower,  an  account 
of  which  has  already  appeared  in 
several  technical  journals,  was  pre- 
sented by  George  Sampson'*".  This 
paper  was  illustrated  by  lantern 
slides  and  described  in  an  interesting 
way  the  design  and  construction  fea- 
tures of  a  concrete  standpipe,  172' 
high,  with  a  hemispherical  suspended 
bottom  and  having  a  capacity  of 
500,000  gals.  It  is  stated  that  the 
concrete  structure  cost  onlj-  $2,000 
more  than  would  a  similar  steel  struc- 
ture, which  is  more  than  offset  by 
the  more  attractive  appearance  and 
the  lower  upkeep  of  the  concrete 
structure. 

.Steel  forms^"  were  used  for  the 
outside  of  the  tank  at  a  cost  of  $600, 
while  wood  forms  were  used  on  the 
inside  and  cost  $1'00.  The  greater 
expense  of  the  steel  forms  is  believed 
justified  on  account  of  the  very  dense 
surface  obtained  and  the  low  cost  of 
finishing.  It  is  stated  that  while 
some  slight  leakage  occurred  at  the 
bottom  of  the  tank,  around  the  sup- 
ply pipe,  this  trouble  has  been  reme- 
died and  the  tank  promises  to  give 
entire  satisfaction  as  to  its  water- 
proof qualities. 


"Div.    Engr.,    Information    Bur.,    Universal 
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Fig.    1 — Top   of    Custom    House    Tower, 
Boston 


Concrete    Clock   Dials — 
Boston  Custom  House 

By  W.  B.  Conant 

The  Custom  House  tower,  in  Bos- 
ton, Mass.,  is  provided  with  a  four- 
face  clock,  which  is  about  400'  above 
street  level,  the  height  of  the  tower 
being  491'. 

Each  of  the  dials  is  of  reinforced 
concrete,  with  numerals  glazed  on 
the  outside,  and  is  21'  6"  in  diam. 
and  8"  thick.  The  figures  are 
Arabic,  about  3'  high,  all  standing 
vertically. 

Bronze  castings  of  the  figures, 
about  %"  thick,  8"  deep  and  S' 
high,  and  also  60  minute  dots,  or 
round  openings,  of  cast  bronze  8" 
in  diam.  and  8"  deep,  were  first  pre- 
pared for  each  of  the  four  dials. 
Minute  dots  are  set  7"  from  center 
to  edge  of  that  dial. 

A  flat  form  of  matched  spruce 
boards,  circular  in  shape  and  the 
size  of  the  dial,  was  constructed  on 
the  floor  of  the  clock  chamber.  The 
bronze  castings  of  the  figures  and 
the  minute  dots  were  secured  in 
proper  position  to  the  inner  surface 
of  the  form  by  nailing  through  a 
thin  lip  at  the  outer  edge  of  the 
castings,  and  by  cleats.     A  12-point- 

K;oncord,  Mass. 


ed  star-shaped  bronze  plate  Yiq" 
thick  with  points  about  5'  long  point- 
ing to  the  hour  numerals,  and  cast 
in  one  piece  with  the  a.xle-box  for 
the  hands,  was  secured,  face  down, 
to  the  form  which  was  then  erected 
within  the  circle  of  carved  white 
Vermont  marble  which  outlines  each 
dial. 

REINFORCING   STEEL 

The  inner  form  was  built  up  as 
the  concrete  was  poured.  Two  par- 
allel lines  of  ^ig-in.  round  steel  re- 
inforcing rods  were  placed  in  posi- 
tion, making  a  complete  double  net- 
work about  6"  apart,  within  the 
whole  area  of  the  dials.  The  indi- 
vidual rods  were  spaced  about  4" 
apart  and  the  ends  of  some  of  them 
bent  to  encircle  the  figures  and  the 
minute  dot  castings. 

To  add  strength  to  the  dials,  and 
to  provide  a  means  for  securing 
them  at  four  places,  at  about  equal 
distances  within  the  circumference, 
to  the  inner  walls  of  the  illuminat- 
ing chambers,  two  S-in.  x  3-in.  angle 
irons  were  placed  horizontally  across 
each  dial  core  4'  6"  apart,  and  two 
S-in.  X  3-in.  angles  were  erected  ver- 
tically 4'  apart,  and  secured  to  one 
another  by  bolts  and  gussets  at  their 
intersections.  These  angle  irons  ex- 
tend to  within  15"  of  the  outer  cir- 
cumference of  the  dial.  The  struc- 
tural steel  is  secured  to  the  inner 
wall  of  the  lighting  chamber  by  four 
brackets,  two  to  each  horizontal 
angle,  one  end  of  the  bracket  being 
bolted  to  the  angle,  the  other  end  to 


Fig.  2 — Inside  of  Concrete  Clock  Dial 

Note  bronze  lining  to  figures  and  lighting 
arrangement 

a  24-in.  x  G^/o-in.  I-beam  forming 
a  part  of  the  steel  structure  of  the 
wall. 

The   reinforcing  rods  were  wired 
to  this  angle-iron  structure   and  the 


forms  filled  with  concrete  from  tlie 
inside  of  the  tower,  making  the 
dials  8"  thick. 

After  the  forms  were  removed, 
the  figures  were  glazed  in  sections 
numbering  from  two  to  five  for  each 
figure,  and  glass  fronts  for  the  min- 
ute dots  were  inserted,  from  the 
lighting  chamber. 

The  hands  for  the  clock  are  of 
wood  sheathed  with  copper,  and  are 
electrically  operated  from  the  clock 
chamber.  The  minute  hands  are 
9'  6"  long  and  the  hour  hand  7' 
long.  They  are  designed  for  incan- 
descent electric  lamps  to  be  installed 
on  their  front  surfaces  to  illuminate 
them  at  night.  The  illumination  of 
the  hour  numerals,  and  of  the  min- 
ute dots  is  provided  for  by  the  flood 
lighting  of  the  chamber  2'  deep  be- 
hind each  dial,  in  which  70  150- 
candle  power  tungsten  lamps  are 
installed,  the  whole  interior  surface 
being  painted  white  to  reflect  the 
light,  conforming  with  the  exterior 
of  the  dials,  and  2'  wide.  The 
lights  are  installed  on  the  back  of 
the  dial,  in  positions  so  as  not  to  be 
seen  directly  through  the  openings 
of  the   figures. 

The  constructing  engineers  were 
the  Norcross  Bros.  Co.,  and  the 
architects  were  Peabody  &  Stearns, 
both  of  Boston. 


The  Science  Committee  of  the 
Franklin  Institute  of  Philadelphia 
has  made  a  recommendation,  which 
has  been  accepted,  to  award  the  John 
Scott  Legacy  Medal  and  Premium 
to  Carl  E.  Akeley,  Chicago,  for  the 
Cement-Gun. 


Out  at  Long  Beach,  Cal.,  there  is 
a  great  discussion  on  in  reference 
to  the  use  of  concrete  for  the  con- 
struction of  a  reinforced  concrete 
jiier  at  the  water-front  of  that  city. 
.Strange  to  say,  in  the  face  of  all 
the  knowledge  of  the  availability  of 
concrete  under  the  circumstances 
named  as  shown  by  experience  all 
over  the  world,  one  of  the  opponents 
of  the  improvement  in  a  long  com- 
munication makes  the  remarkable 
query:  "With  all  due  respect  to  the 
promoters  of  the  proposition,  I  ask 
them  to  point  out  a  single  instance 
where  reinforced  concrete  has  proved 
.1  success  as  a  barrier  to  the  dynamic 
force  of  the  ocean  wave  for  any 
great  length  of  time."  It  is  more 
than  likely  that  the  gentleman  who 
wrote  that  communication  will  find 
his  mail  rather  large  for  some  time 
to  come  if  all  those  who  are  familiar 
with  the  successful  use  of  concrete 
under  the  conditions  named  take  him 
at  his  word  and  reply  to  his  com- 
munication. 
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Good  Results  from  Unusual  Concrete 
Paving  Methods  in  Sioux  City,  la.' 


Bv  T.  H.  Johnson^ 


Two  of  the  most  interesting  dis- 
cussions at  the  Conference  on  Con- 
crete Road  Building  in  Chicago  were 
by  T.  II.  Johnson,  City  Engr.,  Sioux 
City,  la.  Their  interest  lies  in  the 
fact  that  Sioux  City  is,  according  to 
Mr.  Johnson's  statctncnts,  getting 
unusually  good  results  from  methods 
which  are  admittedly  unorthodox. 
The  discussions  are  based  on  the  re- 
ports of  two  committees :  No.  3,  on 
Problems  of  Design,  Thickness, 
Crown  and  Grade,  and  No.  12,  on 
Finishing  and  Curing.  The  two  dis- 
cussions are  best  considered  together 
and  are  here  presented  practically  in 
full. 


Sioux  City  has  now  in  use  ap- 
proximately "  1,000,000  sq.  yds.  of 
concrete  pavement,  some  of  it  5  yrs. 
old,  all  of  it  laid  under  most  trying 
climatic  conditions,  in  widtlis  rang- 
ing from  •2V  to  '>-2' ,  on  nil  kinds  of 
soil,  with  no  particular  attention 
paid  to  drainage,  on  grades  up  to 
16%,  with  a  leaner  mixture  than 
any  authority  recommends,  laid  in 
one  course  6"  thick,  without  a  pound 
of  reinforcing  steel  or  a  single  metal 
protected  joint,  and  yet  we  have 
continuous  miles  of  this  pavement 
without  a  single  cracked  section  and 
with  joints  as  sound  as  a  dollar.  In 
other  words,  at  Sioux  City  we  are 
laying  practically  a  crackless  pave- 
ment, and  one  that  remains  crackless 
under  average  conditions  prevailing 
throughout  the  country. 

This  committee  (Problems  of  De- 
sign, Thickness.  Crown  and  Grade") 
says  that  the  thickness  of  a  concrete 
pavement  depends  on  nine  things, 
and  just  what  it  means  when  it  says 
that,  is  that  there  are  nine  things 
that  cause  a  concrete  pavement  to 
crack  unless  it  is  made  thick  enough 
to  prevent.  Now  I  believe  that  our 
experience  at  Sioux  City  indicates 
that  this  list  includes  some  things 
that  it  should  not,  and  further  that 
there  is  a  better  way  to  prevent 
cracking  than  by  increasing  the 
thickness. 

The  climate  at  Sioux  City  is  very 
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trying  upon  the  pavement  slab.  The 
range  of  temperature  is  from  115° 
F,  above  (in  the  sun)  to  35°  F.  below 
zero.  During  the  heat  of  summer 
we  have  frequent  heavy  rains  and 
very  sudden  extreme  variations  in 
temperature.  Take  last  July,  for 
instance,  we  had  T'/i;"  of  rainfall, 
three  storms  averaging  1  \'-/'  of  rain- 
fall, with  a  maximum  difference  in 
temperatures  of  42°.  In  January, 
just  past,  we  had  a  precipitation  of 
1^/\"  onl}^  and  a  range  of  tempera- 
ture from  'It"  F.  above  to  28°  F.  be- 
low zero.  If  climate  affects  pave- 
ments, ours  should  be  shot  full  of 
holes. 

As  to  width  of  slab  affecting 
thickness,  we  have  one  block  of 
pavement  52'  wide.  It  is  on  a  street 
intersecting  a  viaduct  approach  and 
is  on  a  fill  of  4'  6"  at  one  end  of 
the  block  and  18'  at  the  other.  The 
longitudinal  grade  is  about  5^0% 
and  at  one  end  there  is  a  transverse 
grade  of  5lA%,  so  that  the  surface 
is  very  badly  warped.  Immediately 
before  laying  the  pavement  a  fill  of 
about  3'  was  made  at  the  lower  cor- 
ner of  the  block  running  to  noth- 
ing at  the  opposite,  high  side,  and 
about  100'  along  the  side  from  the 
low  corner.  This  fill  was  made  in 
one  layer,  and  over  the  heaviest  part, 
two  or  three  sections  have  cracked. 
The  balance  of  the  block  is  free 
from  cracks.  This  pavement  is  only 
5"  thick;  part  was  laid  with  gravel 
concrete  and  part  with  broken  stone. 
The  proportions  were  1 :3 :5.  It  is 
4  yrs.  old.  This  street  is  subject  to 
much  heavy  traffic.  It  is  one  of  the 
approaches  to  the  Illinois  Central 
freight  depot,  and  on  it  are  located 
the  International  Harvester  Co.'s 
warehouse,  and  a  six-story  cracker 
and  candy  factory.  Under  such  ex- 
traordinarily aggravated  conditions, 
with  the  exceptionally  lean  mixture, 
and  thin  slab,  if  the  thickness  were 
to  be  fixed  by  the  width,  this  block 
should  be  a  veritable  checker  board 
of  cracks. 

We  have  another  street  36'  wide, 
and  more  than  %  mi.  long,  without 
a  single  cracked  section.  This  pave- 
ment is  6"  thick  and  proportioned 
1 :2l/2 :4. 

With  reference  to  the  character  of 
the    soil   on    which   the   pavement   is 


laid;  we  have  a  couple  of  miles  laid 
on  a  low  flat  creek  bottom,  about 
1 5'  above  the  water  in  the  creek. 
The  district  is  poorly  provided  with 
storm  sewers,  and  the  soil  is  a  very 
heavy,  black,  retentive  soil,  almost  a 
gumbo.  We  have  taken  no  account 
whatever  of  sub-drainage.  None  of 
this  pavement  has  cracked.  The 
grades  on  many  of  these  blocks  are 
not  over   1%. 

Now  with  the  permission  of  the 
committee  I  would  like  to  re-write 
the  list  of  things  that  affect  the 
cracking  of  concrete  pavements,  and 
to  put  them  in  the  order  of  their 
importance,  as  in  my  judgment,  as 
follows :  workmanship,  materials  and 
proportions,  sub-grade,  and  traffic. 
The  first  two  of  these,  workmanship, 
and  materials  and  proportions, 
might  be  replaced  with  the  one  word, 
density.  In  that  one  word  of  seven 
letters  is  the  solution  of  the  concrete 
pavement  problem — density  of  the 
foundation  and  density  of  the  pave- 
ment slab.  Density  and  structural 
uniformity  differentiate  the  Sioux 
City  pavement. 

On  grades  up  to  4%  or  5%  we  lay 
our  highway  pavement  on  a  flat  sub- 
grade,  making  the  slab  8"  thick  at 
the  center  and  6"  at  the  sides.  When 
the  grade  exceeds  the  5%  limit  we 
reverse  the  crown,  dishing  the  slab, 
making  it  7"  thick  the  full  width. 
We  then  crown  our  8-ft  earth  should- 
ers, throwing  half  the  drainage  into 
the  side  ditch  and  the  other  half 
into  the  center  of  the  pavement. 
Our  soil  washes  very  badly  and  we 
hope  in  this  way  to  prevent  guUeys 
from  forming  at  the  edges  of  the 
pavement.  Transverse  joints  are 
spaced  35'  apart  on  these  roadways. 
And  I  want  to  assure  you  that  we 
have  reason  to  believe  that  we  can 
show  these  roadways  a  year  or  two 
years  from  now  without  a  single 
cracked  section  in  the  six  miles,  bar- 
ring accidents. 

The  crown  of  a  city  street  with 
curbs  is  another  proposition.  A 
crown  of  1/50  to  1/70  of  the  width 
is  more  pleasing  to  the  eye  than  a 
flat  surface,  and  it  also  helps  very 
material!}-  in  keeping  the  street 
clean,  as  the  wind  blows  most  of 
the  litter  into  the  gutters. 

As  to  grades — we  have  to  take  them 
as  we  find  them  and  where  paving 
is  at  all  feasible,  it  can  be  done  with 
concrete.  If  on  account  of  the  steep- 
ness of  the  grade  there  is  a  question 
as  to  the  materials  to  be  used,  pave 
with  concrete.  It  is  the  least  slip- 
pery of  any  we  have  in  use.  We 
have  51/2  ^-  oii  grades  from  6%  to 
9%  and"2  mi.  from  9%  to  12%  and 
14  mi.  from  12%  to  15%  and  1^ 
mi.  16%.   Even  these  steeper  grades 
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are  not  corrugated.  These  pave- 
ments are  all  in  daily  use  and  all 
kinds  of  traffic  seek  the  concrete 
streets  in  slippery  times. 

The  grade  of  a  concrete  pavement 
depends  no  more  upon  climate  or 
the  character  of  the  traffic  than  the 
grade  of  any  other  kind  of  pave- 
ment. Frost  and  ice  make  any  kind 
of  pavement,  even  dirt  roads,  slip- 
pery. Concrete  is  smooth,  and  of- 
fers slight  tractive  resistance,  but  it 
is  not  "slick,"  Under  wear  it  re- 
tains its  characteristic  "sandpaper" 
finish,  giving  a  firm  foot-hold  to  all 
kinds  of  traffic. 

FINISHING    .\ND    CUBING 

Given  proper  materials  to  begin 
with,  the  operations  covered  by  the 
report  of  this  committee  (Finishing 
and  Curing)  include  that  which  is 
most  vital  to  successful  paving  op- 
erations, and  yet  in  actual  practice, 
whether  through  ignorance  or  indif- 
ference, their  importance  is  greatly 
undervalued  and  their  functions 
practically  ignored.  There  is  a 
deadly  paralled  existing  between 
Finishing  in  common  parlance  and 
practice,  and  "the  mantle  of  char- 
ity"— both  cover  a  multitude  of  sins. 
When  these  operations  come  into 
their  own,  and  their  importance  is 
appreciated  and  their  functions  are 
fully  understood,  and  their  processes 
correctly  developed,  the  foundation 
will  have  been  laid  for  successful 
concrete  pavements  everywhere.  Too 
much  stress  cannot  be  laid  upon 
Finishing.  Upon  it,  more  than  any 
other  one  thing,  unless  it  may  pos- 
sibly be  the  quality  of  materials, 
depends  the  quality  of  the  pavement. 
Every  man  with  a  practical  working 
experience  with  concrete  realizes  the 
importance  of  a  liberal  mixture  of 
"elbow  grease"  with  the  other  ma- 
terials. If  I  had  the  privilege  of 
improving  the  quality  of  my  con- 
crete by  the  addition  of  10  cts.  per 
sq.  yd.  to  its  cost.  I  would  choose 
to  add  labor  to  my  mixture  rather 
than  cement. 

In  a  series  of  articles  in  one  of 
the  technical  magazines,  a  few 
months  ago,  the  theor\-  was  ad- 
vanced, and  apparently  supported 
by  a  set  of  very  careful  observations 
and  tests,  that  not  over  20  %  of  the 
value  of  the  cement  is  developed  in 
ordinary  concrete  work,  because  only 
that  percentage  is  properly  hy- 
drated.  The  other  80  % ,  it  was 
claimed,  lies  dormant  and  inert,  like 
an}-  other  impurity.  If  this  is  true, 
it  naturally  follows  that  any  method 
that  will  assist  in  properly  hydrat- 
ing  a  larger  percentage  of  the  ce- 
ment, will  proportionately  increase 
the  value  of  the  concrete.     Our  prac- 
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tice,  as  embodied  in  the  Sioux  City 
specifications,  contemplates  this  very 
thing.  We  use  a  wet  mixture,  and 
put  y3  the  total  labor  cost  of  laying 
the  pavement  into  finishing.  As  I 
attribute  the  exceptional  quality  of 
our  pavement  largely  to  the  method 
of  finishing,  I  would  like  to  describe 
it  brieflv. 

Three  men  with  shovels  attend  to 
the  dumping  and  leveling  of  the  con- 
crete. We  do  not  permit  the  use  of 
steel  rakes  or  hoes  in  leveling,  and 
when  concrete  is  delivered  in  carts 
we  prohibit  the  use  of  the  turn-over 
carts.  Following  immediately,  and 
keeping  within  a  few  feet  of  the 
levelers  is  a  man  with  a  wood  float 
I4"xl6"  made  of  2-in.  oak  plank, 
and  having  a  handle  8'  long  made 
of  %-in.  gas  pipe.  He  goes  twice 
over  the  entire  surface.  These 
floatings  depress  the  pieces  of  coarse 
aggregate,  and  bring  a  flat  face  of 
the  upper  pieces  parallel  to  the  sur- 
face of  the  pavement.  Also  all  in- 
equalities of  the  surface  are  re- 
moved and  a  true  crown  established, 
the  weight  of  the  float  being  such 
that  considerable  portions  of  the  con- 
crete may  be  pushed  or  pulled 
around  in  the  process  of  leveling. 
This  heavy  float  compresses  the  con- 
crete, as  is  shown  by  the  quantity  of 
water  brought  to  the  surface,  and 
increases  the  density  of  the  slab  to 
the  extent  of  the  water  removed,  and 
further,  reduces  to  the  same  extent 
the  future  absorptive  powers  of  tlie 
slab,  which  is  the  real  benefit  con- 
ferred. 

Following  this  we  apply  a  dry 
mixture  of  1  part  cement  and  1  part 
fine  aggregate,  in  sufficient  quantity 
to  absorb  all  free  water.  This  dry 
mixture  does  a  number  of  very  help- 
ful things.  For  instance,  we  are 
told  that  it  takes  about  -i  cu.  ft.  of 
water  to  mix  an  ordinarily  wet  yd. 
of  concrete,  only  about  half  of  this 
water  being  used  in  hydrating  the 
cement,  the  other  half  remaining  in 
the  concrete  as  free  water.  In 
other  words,  7^2%  of  the  total 
volume  is  free  water,  and  if  left 
there  to  evaporate  there  would  re- 
sult voids  equal  to  71-;%  of  t^^ 
mass. 

Our  first  floatings  remove  a  por- 
tion of  tTiis  free  water  and  so  close 
up  the  structure  of  the  concrete  that 
subsequent  evaporation  is  materially 
discouraged.  The  dry  mixture  com- 
pletes the  removal  of  this  free  wa- 
ter, as  is  shown  by  the  immediate 
stiffening  of  the  concrete  so  that  the 
balance  of  the  finishing  is  done  di- 
rectly from  its  surface,  without  dis- 
turbing it  a  particle.  It  also  fur- 
nishes enough  mortar  for  properly 
finishing  the  surface.     Being  a  rich 


mixture,  it  counteracts  the  eff"ects  of 
dust,  dirt  and  other  impurities 
brought  to  the  surface  by  the  water, 
and  effectualh'  seals  all  the  pores  in 
the  pavement,  preventing  evapora- 
tion, and  affording  a  hard,  tough, 
dense,  impervious  skin  coat  for  the 
surface  of  the  pavement. 

After  this  dry  mixture  is  applied, 
it  is  floated  until  thoroughly  incor- 
porated with  the  surface  of  the  con- 
crete. Subsequent  floatings  follow 
at  short  intervals  as  long  as  any 
moisture  is  brought  to  the  surface. 
When  the  mortar  begins  to  stick  to 
the  floats,  and  is  slightly  drawn  after 
them,  which  is  usually  at  about  the 
seventh  floating,  the  floating  is  dis- 
continued. This  leaves  tlie  surface 
rough,  and  it  quickly  sets  with  a 
hard,  flinty  glaze.  This  roughness 
of  the  final  floating  is  frequently 
perceptible  after  two  years  of  wear. 

That  you  may  appreciate  what 
"floating"  means  with  us,  I  want  to 
tell  you  that  these  floats,  made  of 
2-in.  seasoned  oak,  are  worn  out  and 
have  to  be  replaced  in  two  days. 


M'hether  it  be  fact  or  fancy  as  to 
the  history  of  fire  losses  in  the  U. 
S.  and  the  effect  of  concrete  in  this 
connection,  a  remarkable  thing  re- 
mains beyond  contradiction,  and  that 
is  that  the  fire  losses  in  the  U.  S. 
and  Canada  for  1J)15,  amounting  to 
$183,000,000,  were  $50,000,000  less 
than  in  the  year  1914.  This  con- 
tinually reduced  rate  in  fire  losses 
in  the  U.  S.  in  the  last  few  years 
may  or  may  not  be  due  to  the  use 
of  concrete,  but  when  tlie  reduced 
fire  losses  and  the  increased  concrete 
building  construction  are  taken  in 
connection  with  each  other,  there 
may  be  some  reality  in  the  thought 
that  the  reduction  in  fire  losses  in 
tliis  country  is  really  due  to  the  in- 
creased use  of  concrete.  According 
to  a  report  of  a  fire  which  took 
place  in  New  York  not  so  long  ago, 
reduced  loss  of  life  by  fires  seems 
also  likely  to  follow.  In  a  large 
apartment  house  on  East  78th  St. 
in  New  York,  known  as  the  East 
River  Homes,  a  fire  took  place  in 
the  basement.  The  floors  above  be- 
came so  hot  it  was  expected  the 
whole  building  would  go.  The  occu- 
])ants,  however,  were  not  in  the  least 
alarmed.  They  held  the  fort  arid 
refused  to  move  their  furniture,  even 
when  ordered  to  b^'  the  police,  and 
one  woman  went  on  with  her  work  as 
though  nothing  had  liappened.  A 
most  unique  situation  was  thus  pre- 
sented and  all  because  the  building 
was  of  concrete.  What  would  the  re- 
sults have  been  in  an  apartment 
house  of  the  same  kind  built  in  the 
ordinary   fire-trap   construction? 
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ft.  boards,  tacked  together  at  right 
angles,  were  set  upright  at  each  cor- 
ner to  form  a  nailing  base  and  sup- 

A  System  of  Home-Made  Wall  Forms  as  Worked    p."'''  f"'  staging-    Just  inside  this 

corner  were  placed  sections  of  8-in. 
Out     by    Two    Builders  concrete  tile,  and  inside  the  tile  2-in. 

supply  and  waste  pipes,  with  the 
proper     connections.       Wires     were 


It  has  often  been  found,  when  tlie 
nerd  for  C(jiiipnieiit  to  accoinplisli  a 
oiTlain  object  h.is  arisen,  tiiat  two  or 
more  men  working  independently 
would  hit  upon  tiie  same  solution  of 
the  j)roblem.  This  is  shown  in  the 
development  of  a  number  of  years  ex- 
jx'riiiunting  by  V.  .1.  Beaty,  Chow- 
oliilla,  Cal.,  and  working  indepen- 
dently by  August  Mat/.ke,  Winona, 
Minn.  Each  has  erected  a  number 
of  interesting  buildings  witli  his  sys- 
tem of  forms  and  finds  it  a  very  suc- 
cessful method.  Fig.  1  shows  the 
construction.  Mr.  Beaty  uses  forms 
made  up  of  2-in.  x  12-in.  |)lank  sur- 
faced on  botli  sides  and  brought  to 
uniform  tiiiekness  and  width.  At 
frequent  intervals  small  pieces  of 
lumber  about  1-in.  x  2-in.,  called 
clips,  are  nailed  to  the  jilanks,  pro- 
jecting about  I'/s"-  ^''■-  Matzke 
uses  siiiplap  with  2-in.  x  2-in.  cleats. 

The  method  of  erection  is  as  fol- 
lows: Tlie  linr  of  forms  is  run 
around  the  building  and  wires  are 
twisted  around  the  projecting  ends  of 
the  clips.  Sjiacers  are  inserted  and 
the  wires  twisted  tight.  A  second 
section  is  then  placed,  the  ends  of  the 
plank  sections  being  brought  oppo- 
site a  clip,  as  shown  in  Fig.  I.  Tliese 
two  courses  of  plank  forms  are  filled 
and  the  concrete  is  allowed  to  set 
from  6  hrs.  to  lOhrs. ;  the  lower 
forms  are  tlien  removed  by  cutting 
the  wires  and  turning  them  up  so  as 
to  support  the  upper  line  of  plank. 
The  lower  planks  are  then  placed 
above  the  section  on  the  wall  and  the 
work  continued.  It  is  stated  that 
enough  forms  to  go  around  the 
building  twice  are  usually  sufficient 
to  take  eare  of  the  work.  Forms  are 
oiled  with  crude  petroleum  before 
being  used,  and  it  is  stated  that  they 
are  in  good  condition  after  erecting 
several  buildings. 

Woven  wire  mesh  is  used  as  a  re- 
inforcement and  is  placed  as  shown 
in  Fig.  1. 

The  window  frames  are  made  of 
2-in.  X  6-in.  lumber,  placed  in  the 
wall  as  the  work  progresses,  as 
shown  in  Fig.  2,  and  fastened  to  the 
concrete  by  means  of  nails  driven  in- 
to the  back  of  the  frames.  No  wood 
sill  is  used,  the  sash  fitting  directly 
on  the  concrete  sill.  The  joint  is 
covered  by  an  astragal  molding,  and 
the  sash  secured  by  beads  in  the 
grooves   as  shown.      Pullman   spring 
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sash  balances'  take  the  place  of 
weights,  making  a  distinct  saving  in 
cost,  due  to  the  extremely  low-cost 
frame. 

.Mthough    Mr.    Beaty    has   erected 
several  buildinirs.  one  of  the  most  in- 
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I'iG.  3 — WixDow  Frame  Detail 

teresting  of  his  jobs  is  a  small  en- 
gine room  and  elevated  water  tank, 
shown  in  Figs.  \  and  5.  It  was  de- 
sirable to  secure  at  a  reasonable  cost 
a  permanent  structure  and  one  that 
would  present  a  good  appearance. 

The  footings  were  made  2'  larger 
than  the  size  of  the  water  tank  so  as 
to  secure  a  stable  base,  and  then  16- 

'Pullman  Mfg.  Co.,  Rochester,  X.  Y. 


looped  around  the  2-in.  pipe  and  led 
out  between  the  joints  of  the  con- 
crete tile  to  form  a  bond  for  the 
future  walls  of  the  engine  room. 
The  concrete  ])ipe  were  placed  two 
at  a  time  and  filled  with  concrete  un- 
til the  bottom  of  the  tank  floor  was 
reached.  Concrete  for  filling  the  col- 
umns was  mixed  1  :6  cement  and  well 
graded  bank  sand  and  gravel.  This 
formed  an  inexpensive  column  lOl/^" 
in  diam.,  reinforced  by  the  water 
pipe  and  by  the  reinforcing  which 
was  in  the  concrete  tile,  making  sub- 
stantialh'  a  hooped  column. 

To  the  scaffold  frame  were  fasten- 
ed 2-in.  X  8-in.  fir  joists  extended  3' 
beyond  the  tower,  forming  an  outside 
scaffolding.  On  these  joists  a  floor 
was  laid,  with  round  openings  over 
the  columns.  Forms  -l"  high  were 
laid  on  the  floor  so  as  to  allow  a  pro- 
jection 2"  beyond  the  walls  of  the 
proposed  tank  to  form  a  belt  course. 
The  floor  was  reinforced  with  steel 
wire  fencing  of  Xo.  12  wire,  which 
was  the  best  reinforcement  that  could 
be  had  locally.     The  fencing  was  cut 


Fig.  3 — Forms  as  Used  by  Mr.  Matzke  at  His  Farm 
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in  lengths  long  enough  to  reinforce 
the  floor  and  turn  up  the  entire  height 
of  the  tank  and  then  turn  again  to 
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Fig.  4 — Sectiox  Through  Tauk 

form  a  bond  with  the  roof  slab.  An 
additional  reinforcing  to  the  walls 
of  the  tank  was  provided  by  winding 
barbed  wire  around  the  forms  as  the 
wall  was  poured,  two  strands  to  each 
foot.  The  floor  was  poured  of  a 
1 :2  -A  mix  and  is  4"  thick.  As  soon 
as  the  floor  had  begun  to  set  the  form 
was  set  for  the  inside  of  the  tank, 
consisting  of  plank  on  end  with  a 
plank  in  each  corner  set  so  as  to 
chamfer  the  corner  8"  (see  Fig.  4.) 
The  12-in.  plank  forms  were  then 
placed  for  the  outside,  as  has  just 
been  described,  and  the  walls  of  the 
tank  were  poured.  By  pouring  only 
the  height  of  one  plank  at  a  time  the 
reinforcing  can  be  watched  care- 
fully and  kept  in  its  proper  place. 
The  walls  of  the  tank  are  4"  thick 
and  Mr.  Beaty  considers  them  amply 
strong  for  this  size  of  tank,  8'  x  8' 
x7'  6"  which  holds  2,100  gals.  The 
inside  forms  were  removed  in  about 
24  hrs.,  the  walls  floated  and  painted 
with  a  wash  made  of  cement  and  wa- 
ter. The  roof  forms  were  then 
placed,  providing  for  the  overhang  of 
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4".  Roof  slabs  are  31/^"  thick  and 
reinforced  with  wire  fencing.  The 
roof  is  provided  with  a  suitable  man- 
hole. 

An  inspection  of  Fig.  5  will  show 
braces  for  the  tower.  These  are 
114-in.  gas  pipe  placed  in  position 
as  the  columns  were  poured  and 
forming  an  extremely  rigid  brace. 
The  engine  room  is  constructed  of 
Hy-rib'  wired  to  the  columns  and  to 
liorizontal  pipes  which  were  placed 
at  the  height  of  the  roof.  This  Hy- 
rib,  plastered  on  both  sides,  forms 
the  engine  room.  As  can  be  seen 
from  the  cut,  it  presents  a  very  pleas- 
ing appearance  and  insures  the  owner 
against  repairs. 


Building-  a  Bridge  Balus- 
trade 

Building  the  concrete  balustrade 
for  a  bridge  at  Patchogue,  N.  Y.,  bv 
F.  Arrigoui  &  Bro.^  is  illustrated 
from  photographs  from  Mrs.  M.  S. 
Bartow.  The  series  of  illustrations 
makes  little  explanation  necessary. 
It  will  be  noted  that  the  balustrade 
was  built  in  sections  such  as  are 
used  to  prevent  cracking  by  expan- 
sion. Expansion  joints  were  pro- 
vided as  shown  at  Fig.  4.  Concrete 
was  placed  in  wood  forms,  the  con- 
struction of  which  is  shown  at  Fig. 
2.  The  concrete  was  mixed  of  suit- 
ably graded  aggregate,  consisting  of 
llo-in.  crushed  trap  rock,  sand  and 
cement;  l%n  bbls.  of  Savior's^ 
Portland  cement  was  used  to  the  cu. 
yd. 

Fig.  S  shows  forms  being  removed 
and  gives  a  good  idea  of  the  appear- 
ance of  the  concrete  before  any  fin- 
ishing work  was  done.  Fig.  4  shows 
finished  wall  which  has  been  brusli- 
coated  with  a  sand-cement  mixture 
and  rubbed  as  shown.  Note  the 
weep  hole  to  drain  the  roadway. 

Fig.  5  gives  a  good  idea  of  the 
appearance  of  the  finished  struc- 
ture. 


Where  under  surfaces  of  slabs  are 
to  be  plastered,  a  scattering  of 
coarse  sand  or  fine  gravel  on  the 
forms  will  result  in  a  surface  in- 
suring a  better  bond. 


Fig.    5 — Reinforced     Concbete     Wateb 
Tank 
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The  present  tendency  to  shorten 
the  mixing  time  excessively  is  being 
considered  with  suspicion  by.  man}- 
engineers ;  however  efficient  the  ma- 
chine, the  time  cannot  be  cut  to  ex- 
tremes without  sacrificing  quality. 


'Coplay  Cement  Mfg.  Co.,  N.  Y.  C. 


Building   Bai.istkade 
Bbidge 


Carpenters  should  not  be  allowed 
to  do  sawing  over  finished  forms  af- 
ter reinforcing  is  placed. 


In  order  to  obviate  hold-ups  in 
prices  for  cement,  the  Highway 
Commissioners  in  various  California 
counties  are  being  given  authority  to 
build  concrete  or  any  other  kind  of 
a  roadway  that  they  may  decide 
upon.  The  purpose  is  to  provide  by 
the  giving  of  this  option  for  possible 
advances  in  prices  of  cement  or  oth- 
er materials  for  concrete.  Califor- 
nia is  building  roads  in  such  a  lib- 
eral, broad-minded  way,  and  devot- 
ing so  much  of  her  money  to  con- 
crete road  construction  that  her  leg- 
islators deem  it  wise  to  protect  their 
communities  against  any  advance  in 
price  by  allowing  them  to  select  the 
type  of  road,  and  this  is  especially 
wise  when  some  of  the  contracts 
talked  about  involve  from  75,000 
bbls.  to  100,000  bbls. 

March,  19  IS 
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Unit  Costs  in  Building  Construction 


Bv  Sanford  E.  Thompson' 


This  paper  is  to  call  attention  to 
the  necessity  for  more  accurate  esti- 
mates by  architects,  engineers  and 
contractors,  and  to  the  possibility  of 
reducing  construction  costs  by  a 
more  tliorough  analysis  and  syste- 
matizing of  the  labor  operations. 

Open  any  technical  i)aper  giving 
construction  items  and  notice  the  en- 
ormous variation  in  bids  received 
from  contractors  for  tiie  same  job. 
At  random  I  open  a  current  engi- 
neering periodical  and  find  the  four 
bids  on  a  certain  job:  $117,000, 
$126,000,  $143,000  and  $171,000. 
This  does  not  represent  an  excep- 
tional case,  but  is  the  general  rule 
on  work  in  which  the  cost  of  labor 
is   relatively  large. 

Unquestionably  the  methods  of 
management,  especially  on  construc- 
tion jobs,  affect  the  cost  to  a  very 
large  extent,  but  it  is  hardly  con- 
ceivable that  differences  of,  say, 
50%  in  cost  can  be  accounted  for  in 
this  way.  Assuming,  as  is  gener- 
allj'  the  case,  that  the  bidders  really 
try  for  the  job,  there  is  evidently 
gross  error  in  many  cases  in  the  esti- 
mating. The  variations  must  be  due 
to  one  of  three  causes :  ( 1 )  inac- 
curate estimate  of  volumes  or  costs 
of  materials;  (2)  inaccurate  esti- 
mates of  Labor  costs,  or  (3)  inaccu- 
rate estimates  of  overhead  costs  and 
profits.  Note  that  I  have  combined 
the  items  of  overhead  and  profit  be- 
cause they  are  practically  interde- 
pendent. The  contractor,  for  exam- 
ple, who  handles  a  job  personally 
has  small  overhead  expenses  but  re- 
quires larger  profits  to  make  up  for 
the  value  of  his  own  time  than  does 
a  large  contractor  whose  overhead  in 
salaries  and  plant  is  large  but  whose 
percentage  of  profit  may  be  small 
and  yet  yield  a  large  total  income. 

Material  costs  are  usually  figured 
without  trouble.  The  variation  in 
overhead  by  two  different  estimators 
may  be  large  because  many  contrac- 
tors do  not  properly  charge  or  di- 
vide their  overhead  items,  but  this 
difference  on  any  one  job  can  hardly 
account  for  more  than  10%.  The 
big  variation,  then,  must  be  in  the 
estimated  labor  cost.  As  a  matter 
of  fact,  this  is  the  item  on  which 
money  is  made  or  lost  in  contract- 
ing. 


'Consult.    Engr.,    Boston    (Paper    presented 
at  the  Am.  Concrete  Institute) 


A  contractor  was  asked  recently 
why  he  did  not  bid  on  a  certain  re- 
inforced concrete  bridge.  The  reply 
was:  "I  have  built  mine."  Con- 
struction companies  handling  rein- 
forced concrete  will  tell  you  that  a 
contractor  does  not  begin  to  make 
money  until  he  gets  his  third  job, 
provided  he  stays  in  the  game  as 
h)ng  as  this.  The  first  job  costs  him 
more  than  his  estimate ;  he  bids  low 
on  the  second  job  because  he  thinks 
he  sees  where  he  lost  money  on  the 
first;  on  the  third  job  he  knows  that 
he  has  been  a  fool  and  adjusts  his 
bid  accordingly. 

It  must  be  the  aim  not  simply  to 
know  how  to  do  the  work  cheaply 
but  to  figure  estimates  more  accu- 
rately, at  the  same  time  taking  care 
to  keep  the  cost  of  the  figuring  as 
low  as  possible.  It  is  useless  to  get 
a  job  at  a  low  figure  and  lose  money 
on  it.  It  is  evident,  further,  that 
having  made  the  bid  with  care,  the 
construction  must  be  handled  in  such 
a  way  as  to  come  within  the  limit 
set.  This  requires  not  simply  a 
fair  comparison  with  the  monthly 
estimates,  but  the  follow-up  from 
day  to  day  of  quantities  and  wages 
so  as  to  have  a  running  check  on  the 
work.  It  takes  but  little  more  time 
in  figuring  an  estimate  where  mate- 
rial costs  are  estimated  in  detail  to 
go  also  into  unit  costs  of  labor. 
This,  of  course,  is  not  simply  a 
mathematical  proposition  but  re- 
quires a  knowledge,  based  on  first- 
hand experience,  of  actual  costs,  or 
else  on  records  where  conditions  are 
stated  in   full. 

In  reinforced  concrete  construc- 
tion, the  greatest  discrepancy  lies  in 
the  cost  of  forms.  It  is  here  that 
the  contractor  and  also  the  engineer 
is  apt  to  be  fooled,  unless  he  is 
either  well  provided  with  unit  costs 
or  has  previously  handled  work  of 
an  identical  nature.  Suppose,  for 
example,  a  builder  has  been  accus- 
tomed to  building  forms  for  heavy 
concrete,  such  as  core  walls  for 
dams,  heavy  foundation  work,  and 
mass  construction.  He  finds  from 
his  records  that  the  cost  of  labor  for 
such  forms,  not  including  overhead 
.and  profit,  is  50  cts.  per  cu.  yd.  He 
bids  on  a  reinforced  concrete  build- 
ing, and  adds,  say,  50%.  or  say. 
100%  to  be  on  the  safe  side  (such 
a  percentage  guess  as  this  is  by  no 


means  uncommon  in  estimating),  and 
figures  $1.00  per  cu.  yd.  for  labor 
on  forms.  Instead  of  the  $1.00,  he 
may  find  the  cost  to  be  about  $4.00 
per  cu.  yd.,  and.  discovers  further 
that  the  cu.  yd.  basis  is  absolutely 
incorrect.  He  then  adopts  the  sq. 
ft.  as  the  unit.  This  is  better,  but 
let  us  see  how  this  may  work  out. 

Suppose  that  his  first  job  in  build- 
ing construction  is  a  design  calling 
for  250  lbs.  per  sq.  ft.  of  working 
load,  with  long  spans,  columns  aver- 
aging 24"  square,  and  beams  and 
girders  of  similarly  large  size.  The 
new  job,  we  will  say,  has  a  load  of 
125  lbs.  per  sq.  ft.,  with  columns 
averaging  15"  and  correspondingly 
smaller  beams  and  girders.  He  re- 
alizes that  he  must  not  use  the  cu. 
yd.  unit  for  figuring  his  forms.  If 
he  did  this,  he  would  find  when  he 
got  through  that  the  cost  per  cu.  yd. 
of  his  labor  on  the  smaller  size  mem- 
bers was  nearly  double  that  on  the 
other  job.  He  uses  then  the  sq.  ft. 
basis.  On  the  building  with  heavy 
load,  the  labor  cost  of  the  column 
forms,  using  columns  only,  to  be 
specific,  was.  we  will  say,  8.3  cts. 
per  sq.  ft.  We  will  suppose  he  uses 
this  on  the  building  with  light  loads. 
The  estimate  will  be  absoluteU'  in- 
correct. It  costs  only  a  little  less 
to  make  and  to  erect  the  smaller 
forms  than  the  larger,  although,  on 
the  other  hand,  enough  less  to  throw 
the  scale  in  the  other  direction  if  the 
cost  is  assumed  equal,  member  for 
member.  On  the  light  load  building, 
as  a  matter  of  fact,  the  labor  cost 
on  the  I5-in.  columns  is  about  1/4 
greater  per  sq.  ft.  than  the  cost  on 
tlie  building  with  columns  averaging 
24"  X  24",  while  the  cost  per  mem- 
ber is  16%  less.  Costs,  based  on 
accurate  unit  averages,  checked  by 
work  on  various  jobs,  show  the  fol- 
losving  comparison  of  15-in.  and 
24-in.  column  costs,  each  in  a  build- 
ing of  12'  total  story  height,  and  all 
other  conditions  the  same." 

Size  Cost  per  Cost  per         Cost 

of  Col.  Cu.  Yd.  Sq.  Ft.  per  Member 

24"                     $4.50  J0.083                $8.00 

15"                       9.68  0.105                  6.74 

%  Increase      115%  27%              16%* 

You  may  say  that  this  is  an  ex- 
treme case,  but  I  am  quoting  almost 
exactly  from  an  actual  case  of  a 
contractor  of  large  experience  in 
building  construction  but  with  lim- 
ited experience  in  reinforced  con- 
crete construction,  who  used,  not  the 
sq.  ft.  method,  but  the  cu.  yd.  meth- 
od of  estimating  in  two  buildings 
with  heavy  and  light  load.  Fortu- 
nately for  him,  he  built  the  heavy 
building  first,  and  so  simply  lost  the 


=From     Concrete    Costs,     by     Taylor     and 
Thompson.   1st  Edition,  p.   631 
^Decrease 
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job  on  the  second  building  bj'  fig- 
uring 'way  up  in  the  air. 

Much  has  been  written  of  the  in- 
accuracy of  "cost  data"  and  with 
perfect  truth.  On  the  other  hand, 
if  the  unit  costs  are  taken  from  per- 
sonal experience  or  from  records  in 
which  all  the  local  conditions  are 
fully  stated  and  average  values 
compiled,  they  are  of  immense  value 
in  estimating  and  in  following  up 
the  work.  Care  must  be  taken,  of 
course,  to  provide  for  indirect 
charges,  sucli  as  foreman,  sharpen- 
ing tools,  time  on  miscellaneous 
work,  plant  erection  and  contingen- 
cies. In  addition  to  these  are  the 
charges  for  superintendence,  con- 
tingencies cliargeable  to  labor  but 
not  estimated  as  part  of  pay  roll, 
odd  tools  and  appliances  not  carried 
to  next  job,  liability  insurance,  etc. 

To  illustrate  the  variations  in 
labor  costs  of  different  members  in 
form  construction,  the  table  below 
presents  a  few  values  selected  from 
"Concrete  Costs."* 

Costs  of  this  kind  are  useful  not 
merely  for  contractor's  estimate,  but 
perhaps  even  more  for  comparing 
different  designs  by  engineers  and 
architects.  Reference  might  be 
made,  for  example,  to  studies  for 
the  new  Technology  buildings,^  in 
which  it  was  found  that  for  three 
different  types  of  floor  design  a 
long-span  slab  was  the  cheapest  on 
account  of  the  difference  in  the  cost 
of  form  construction. 

REDUCTIONS    IN     CONSTRUCTION     COSTS 

Up  to  this  point  the  author  has 
considered  the  substitution  of  accu- 
ratee  methods  for  guess  work  in  es- 
timating. The  more  important  ques- 
tion is  how  far  the  knowledge,  such 
as  has  been  referred  to,  can  be  uti- 
lized in  reducing  costs.  Accurate 
cost  keeping  is  of  value  in  following 
up  construction  costs  from  daj'  to 
day,  in  showing  up  waste  labor  and 
in  providing  a  mark  for  the  attain- 
ment of  superintendents  and  fore- 
men. Unless  cost  knowledge  is  in 
the  form  of  small  units,  such  com- 
parisons cannot  be  made  satisfac- 
tory. 

To  get  the  full  benefit  of  a  knowl- 
edge of  unit  costs,  and  in  fact  for 
this  the  knowledge  must  be  even 
more  thorough  and  include  the  unit 
times  of  performing  the  various  op- 
erations, it  must  be  utilized  in  plan- 
ning the  work  in  advance  and  in  dis- 
tributing materials  .and  jobs;  in  se- 
lecting materials  and  methods  which  . 


*For  complete  tables,  see  Concrete  Costs. 
bv  Taylor  and  Thompson,  1st  Ed.,  pp.  630  to 
6Si 

'Boston;  see  paper  by  author  presented  be- 
fore Am.   Concrete  Institute,    1915 


will  result  in  lowest  labor  costs ;  in 
adapting  the  construction  plant  to 
the  special  conditions ;  and,  carried 
to  its  ultimate  end,  in  laying  out 
jobs  for  the  workmen  and  giving 
them   a   reward   for  accomplishment. 

Such  management  as  this  involves 
the  adoption  of  factory  methods  in 
construction.  Already  the  need  of 
this  is  being  recognized,  but  to  a  lim- 
ited degree  only.  The  president  of 
one  of  our  large  and  most  up-to-date 
construction  companies  stated  re- 
cently that  on  one  job  he  made  a 
saving  of  $10,000  by  the  adoption 
of  methods  involving  systematic 
planning  and   routing. 

Limitation  of  time  forbids  a  more 
complete  discussion  of  this  most  im- 
portant problem.  Full  economy  in 
construction,  however,  will  only  be 
attained  as  the  builder  discards  the 
haphazard  rule-of-thunib  method  and 
considers  his  job  with  a  view  to 
thorough  analysis,  planning  func- 
tional methods  and  a  complete  study 
of  details.  By  such  methods  as 
these  will  the  labor  of  construction 
be  brought  to  a  more  scientific  basis 
and  more  nearly  on  a  uar  with  the 
material  end  of  the  work. 

Labor   Costs   of   Foums   for  Coitmvs,   Beams, 

Girders  and  Si  abs 

Costs    inchide   10':,    for   foreman    and    15% 

for    superintendence.    continp:encies,    etc.,   but 

do  not  include  profit  or  home  office  exoense. 

Carpenter    labor,    .'iO    cts.    per    hr. :    ordinary 

labor,  25  cts.  per  hr.     Material,   1-in.  lumber. 

12-ft.    Columns — Labor   Cost    for    Member 

Iron  Clamps 
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8"  X     8"        $1.16  $4.68  $3.77  $5.53 

15"  X  16"  1.46  5.45  4.40  6.16 

24"  X  24"  1.80  6.20  5.14  6.86 

36"  X  36"  2.61  7.64  6.33  8.14 

20-ft.  Beams — Labor  Cost  per  Member  Size 

Measured   Below  Slab 
4"   X     8"        $0.92  $2.42  $1.97  $2.79 

6"  X   12"  1.09  2.75  2.31  3.23 

S"  X   16"  1.26  2.99  2.59  3.64 

12"   X   24"  1.75  3.41  3.09  4.29 

20-ft.  Girders — Labor  Cost  per   Member 
One  Intersecting  Beam 
S"  X   16"        $1.38  $3.27  $2.75  $4.31 

12"  X  24"  1.82  3.86  3.20  5.02 

Labor  Cost   of   Slab   Forms"   per    lOO   Sq.   Ft. 
of  Slab  Surface 
$0.81  $2.53  $1.90  $2.06 

For  inexperienced  builders  increase  costs 
3314%. 

For  special  design,  add  10%  to  50%  to 
"Make  Forms." 

If  no  mill  saw  on  job,  add  50%  to  "Make 
Forms." 

If  old  lumber  is  used,  add  75%  to  100% 
to  "Make  Forms." 

For  rectangular  columns,  select  values  for 
square  columns  having  the  larger  dimension 
of  the  rectangle. 

For  wall  columns,  add  50%  to  all  except 
"Make  Forms." 

"Based  on  slab  built  two  panels  per  bay 


Zeppelin   Bomb.s   Fail  to 
Wreck  Concrete  Buiklinpf 

In  the  presidential  address  by 
Henry  Adams  delivered  at  the  64th 
Ordinary  meeting  of  the  Concrete 
Institute  of  England,  some  interest- 
ing facts  in  connection  with  Zeppe- 
lins were  brouglit  out  .md  the  effect 
of  bombs  on  concrete  was  referred 
to.  According  to  investigations  made 
by  the  government  after  the  Zeppe- 
lin raid  of  Oct.  13,  1915,  it  ap- 
peared that  a  bomb  dropped  on  a 
roof  of  a  modern  building  con- 
structed of  reinforced  concrete  with 
steel  and  concrete  roof  did  no  dam- 
age, while  similar  bombs  practically 
caused  the  entire  destruction  of  brick 
buildings  in  the  same  vicinity. 

In  an  official  account  of  the  raid 
the  effect  of  the  bombs  is  described 
as  follows : 

REINFORCED    CONCRETE    BUILDING 

The  third  area  contains  two  damaged 
business  premises,  the  firi»t  of  them  a 
large  and  modern  building  constructed 
of  reinforced  concrete,  and  with  a  .steel 
and  concrete  roof  and  flooring.  Two 
bombs  dropped  in  this  building,  one  of 
tlieni  actually  on  the  roof,  and  one  on 
the  pavement  immediately  beneath  the 
doorway.  The  bomb  on  tlie  pavement 
appears  to  have  exploded  sideways;  at 
any  rate,  the  damage  done,  which  con- 
sisted chiefly  of  broken  glass  and  plas- 
ter, occurred  mainly  in  the  houses  on  the 
other  side  of  the  street.  Tlie  bomb 
wivich  dropped  on  the  roof  of  the  build- 
ing itself  did  little  damage. 

ORDINARY    BUILDINGS 

In  the  same  area  a  bomb  dropped  on 
tlie  roof  of  a  small  hotel.  In  this  case 
the  strength  of  the  building,  which  was 
an  old  one,  was  not  sufficient  to  with- 
stand the  force  of  the  explosion,  and 
the  whole  of  the  hotel,  which  consisted 
of  three  floors  of  the  building,  was  en- 
tirely blown  up. 

The  second  area  contains  a  large  block 
of  residential  flats.  This  one  has  a 
stretch  of  garden  behind  and  one  of  the 
enemy's  high  explosive  bombs  fell  m  this 
garden,  close  to  the  flats  themselves.  One 
or  two  rooms  on  the  ground  floor  were 
totally  wrecked,  and  on  the  first  floor 
considerable  damage  was  done. 


The  strength  of  concrete  is  seri- 
ously diminished  by  the  addition  of 
a  very  small  percentage  of  sugar. 
Mixing  water  used  near  factories 
handling  large  quantities  of  sugar 
should  be   carefully  watched. 
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The  wasliing  out  of  the  road-beds 
of  railroads  is  a  serious  thing  in 
California,  where  tremendous  bodies 
of  water  coming  down  from  the 
mountain  carry  all  before  them.  A 
former  president  of  the  N.  Y.  Cen- 
tr.il  R.  R.  who  has  just  been  visiting 
that  part  of  tlie  world  suggests  con- 
crete road-beds  as  a  solution  of  what 
is  becoming  a  serious  problem  on 
tlie  Pacific  Coast.  He  says:  "Cali- 
fornia railroads,  in  order  to  cope 
with  situations  caused  by  these  an- 
nual washouts,  must,  as  the  ultimate 
solution,  be  built  high  and  dry  on 
concrete  beds  that  will  be  safe  and 
permanent." 
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Convention  of  the  American  Concrete 
Pipe  Association 


The  American  Concrete  Pipe 
Assn.  held  the  first  session  of  its  an- 
nual convention  Thursday  afternoon, 
Feb.  17,  at  the  Auditorium  Hotel, 
Chicago.  Tlie  attendance  was  large 
and  the  interest  and  enthusiasm  man- 
ifested promise  much  for  tiie  de- 
velopment of  the  concrete  pipe  in- 
dustry during  the  coming  year. 

SHOULD     MANUFACTURERS     CONTRACT 
FOR    LAYING    THEIR    OWN    PIPE? 

The  first  paper  was  by  C.  M. 
Wood.'  Mr.  Wood  takes  the  ground 
that  while  there  may  be  instances 
when  it  is  advisable  that  tlie  cement 
tile  manufacturer  maintain  a  con- 
tracting organization  and  lay  his 
own  pipe,  in  general  such  a  course 
will  act  against  the  industry  by 
arousing  the  antagonism  of  drain- 
age contractors  with  whom  the  con- 
crete tile  manufacturers  should  work 
in  harmony.  He  believes  that  the 
efforts  of  the  tile  manufacturers 
should  be  devoted  to  an  educational 
campaign  to  show  the  drainage  con- 
tractor and  the  engineer,  as  well  as 
.  the  taxpayer,  the  advantages  of  the 
use  of  concrete  pipe.  It  is  suggest- 
ed that  wherever  possible  the  manu- 
facturer should  take  the  engineer 
or  contractor  to  his  plant,  show  him 
in  detail  the  manufacturing  process 
and  the  precautions  taken  to  insure 
a  perfect  product.  Mr.  Wood  calls 
attention  to  the  desirability  of  close 
association  of  manufacturers  in  their 
organization  to  make  it  possible  for 
the  organization  to  promote  the  use 
of  concrete  pipe  through  standard- 
ization and  co-operative  effort. 

THE    USE    or   DRAIN    TILE   IN    ARID 
REGIONS 

The  paper  by  Lewis  R.  Ferguson .- 
on  the  use  of  drain  tile  in  arid  reg- 
ions, reviewed  briefly  the  methods 
used  in  the  reclamation  of  land  and 
the  conditions  which  result  in  depos- 
iting alkali  salts  on  the  surface  of 
reclaimed  land. 

He  pointed  out  that  land  which 
had  been  extremely  productive  was 
ruined  by  the  appearance  of  these 
salts  and  that  drainage  has  in  most 
cases  proved  to  be  an  effective  rem- 
edy. Most  of  the  land  in  which  this 
condition  occurs  is  remote  from  sup- 
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plies  of  clay  tile,  whereas  concrete 
materials  are  usually  abundant.  Mr. 
Ferguson  said  in  part : 

A  serious  question  to  be  considered  is, 
(Iocs  alkali  salt  disintegrate  concrete?  If 
concrete  can  be  mntle  to  withstand  the 
:i(lion  of  alkali  the  pos.sibility  of  the 
use  of  concrete  drain  tile  throughout  this 
section  is  enormous.  The  disintegration 
of  concrete  when  exposed  to  concentrat- 
ed salts  in  irrigated  districts  has  been  a 
subject  of  discussion  l)y  engineers  and 
users  of  cement  for  the  last  10  yrs.  or 
15  yrs.  There  arc  many  concrete  struc- 
tures in  these  districts  which  do  not  ap- 
1  ear  to  be  affected  at  all,  but  there  are 
eliicrs  which  show  indications  of  being 
attacked. 

In  order  to  determine  what  the  effect 
of  alkali  is  on  concrete  and  in  order  to 
determine  how  concrete  drain  tile  can 
be  made  so  that  they  will  be  successful 
in  alkali  soils,  an  investigation  was  un- 
dertaken by  the  U.  S.  Bur.  of  Standards.' 
(Tliis  work  is  outlined  by  Mr.  Ferg- 
uson.) 

So  far,  the  investigation  has  proved 
decidedly  encouraging  from  our  stand- 
point. At  the  end  of  two  years  we 
found  that  the  alkali  waters  have  not 
in  any  degree  reduced  the  strength  of 
the  tile  expected  to  stand  alkali,  and  we 
feel  that  this  is  good  evidence  that  such 
tile  will  be  permanent.  To  most  of  the 
projects  clay  tile  must  be  shipped  long 
distances  and  the  cost  of  freight  and  the 
loss  due  to  breakage  is  excessive.  The 
field  is  a  most  advantageous  one  for 
concrete.  The  conditions,  however,  are 
rigorous  and  the  best  quality  of  product 
only  will  prove  .satisfactory.  I  believe 
that  with  proper  care  in  the  selection  of 
the  aggregate,  proper  care  in  the  mix- 
ins  of  the  concrete  and  the  manufacture 
of  the  tile,  and  in  their  curing  a  quality 
of  product  can  be  produced  which  will 
meet  the  requirements  and  that  ultimate- 
ly most  of  this  land  will  be  saved  by 
concrete  drain  tile. 

Rudolph  J.  Wig,  of  the  U.  S.  Bur. 
of  Standards,  gave  some  further  de- 
tails of  the  tests  now  under  way. 

.MY   E.XPERIENCES   IN   STARTING   A   CON- 
CRETE   TILE    PLANT 

H.  J.  Backemeyer*  described  "My 
Experiences  in  Starting  a  Concrete 
Tile  Plant."  He  handled  the  matter 
mainly  from  a  sales  standpoint  but 
gave  as  his  experience  that  it  is  gen- 
erally necessary  to  begin  action  at 
the  very  inception  of  a  drainage 
project  so  as  to  have  the  specifica- 
tions so  worded  as  to  admit  concrete 
tile.  He  points  out  that  it  is  very 
difficult  to  get  specifications  changed, 
once  they  are  drawn.     He  believed 
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that  the  proper  method  of  securing 
favorable  attention  to  concrete  pipe 
is  to  meet  each  member  of  the  com- 
mittee or  board  in  charge  individu- 
ally and  informally,  to  take  up  with 
him  in  detail  the  manufacture  of 
concrete  pipe  and  its  advantages. 
He  believes  that  much  more  favor- 
able attention  can  be  secured  and 
ihat  the  individuals  approached  will 
ask  questions  more  freely  and  be 
better  impressed  in  this  way  than  by 
.11  y  attempt  to  present  the  merits  of 
one's  product  at  a  Board  meeting. 
He  stated  that  the  methods  outlined 
have  been  very  successful  in  secur- 
ing suitable  specifications.  In  re- 
gard to  convincing  the  engineer  in 
charge  of  the  desirability  of  con- 
crete pipe,  Mr.  Backemeyer  believes 
that  the  greatest  obstacle  present  is 
the  lack  of  uniform  specification  and 
means  of  conducting  definite  tests  in 
small  communities,  where  elaborate 
testing  equipment  is  not  available. 
He  states  that  efforts  are  being  made 
to  produce  a  testing  machine  which 
is  portable  and  by  means  of  which 
tile  can  be  tested  even  along  the 
drainage  ditch  itself  to  the  complete 
satisfaction  of  those  responsible. 

COMMITTEE    ON    RESOLUTIONS 

A  committee  on  Resolutions  was 
appointed  by  the  Chair,  consisting 
of  J.  J.  Hammen,  Spencer,  la.;  P. 
H.  Atwood.  Armstrong,  la.,  and  A. 
P.  Young,  Paullina,  la. 

THE    ASSOCIATION    BANQUET 

The  Am.  Concrete  Pipe  Assn.  held 
its  annual  dinner  at  the  Auditorium 
hotel,  Thursday  evening,  Feb.  17. 
Former  Gov.  A.  O.  Eberhart,  of 
Minnesota,  was  the  principal  speak- 
er. Mr.  Eberhart  laid  stress  on  the 
benefit  of  organization  to  an  indus- 
try and  made  a  strong  plea  for  good 
concrete  as  the  basis  on  which  a 
business  ought  to  be  built. 

C.  M.  Wood  was  toastmaster,  and 
brief  addresses  were  made  by  a 
number  of  those  present. 

CONCRETE    PIPE    AND   TRAFFIC 
REGUL.\TIONS 

A  feature  of  the  session  Feb.  18 
was  a  discussion  of  traflic  matters 
as  related  to  concrete  pipe.  It  was 
pointed  out  that  under  the  new 
Western  classification,  concrete  pipe 
is  required  to  be  very  carefully 
packed  in  the  cars  with  2  x  4's  across 
the  bottoms  to  hold  the  bell  ends  and 
that  each  tier  must  be  crated.  It 
was  explained  that  this  requirement 
is  in  part  the  result  of  the  activities 
of  the  clay  manufacturers  whose 
product  requires  this  kind  of  pack- 
ing to  avoid  breaking,  but  that  con- 
crete pipe,  being  much  stronger,  will 
stand    rougher    treatment    and    does 
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not  require  such  expensive  packing. 
It  was  also  pointed  out  that  concrete 
pipe  can  be  piled  higher  in  the  car 
and  that  concrete  pipe  manufactur- 
ers should  be  willing  to  take  a  high- 
er minimum  loading,  which  can  be 
done  without  risk  to  the  product.  It 
was  also  brought  out  that  the  rail- 
road companies  should  be  advised 
that  as  concrete  pipe  weighs  more 
per  ft.  than  the  clay  product,  it  is 
to  their  advantage  to  make  traffic 
regulations  that  will  be  advantageous 
to  concrete  pipe  and  thus  secure  a 
larger  tonnage  for  a  given  contract. 
A  Traffic  committee  was  formed 
consisting  of  C.  M.  Wood,  Chicago; 
H.  E.  Backemever,  Sioux  City,  la. ; 
and  John  L.  Zeidler,  St.  Josepli. 
Mo. 

ADVANTAGES    OF    BIG    TILE    OVER    THE 
OPEN    DITCH 

A  paper  calling  attention  to  the 
advantages  of  big  concrete  tile  over 
the  open  ditch  for  drainage  projects 
was  presented  by  G.  E.  Warren.^ 
Mr.  Warren  pointed  out  that  the 
open  ditch  is  not  a  satisfactory 
drainage  device  owing  to  the  diffi- 
culty in  maintaining  such  a  ditch 
and  to  the  fact  that  where  enough 
fall  is  given  to  the  drain  to  dispose 
of  large  quantities  of  water,  erosion 
is  a  serious  matter.  He  points  out 
that  erosion  varies  with  the  square 
of  the  velocity,  so  that  the  increase 
in  speed  of  the  water  is  also  a  serious 
matter.  Big  concrete  tile,  on  the 
other  hand,  are  much  more  effective 
under  currents  of  comparatively 
high  velocity  and  present  additional 
advantages  in  the  fact  that  no  land 
is  wasted  and  there  is  no  objection- 
able growth  of  weeds  and  no  trouble 
from  cattle  running  in  the  drain. 
The  speaker  pointed  out  that  the 
maintenance  of  open  ditches  is  a 
large  item  and  that  in  fact  they  are 
usually  replaced  by  a  closed  drain 
at  some  later  period,  so  that  even- 
tually they  are  a  total  loss.  Such 
ditches  also  tend  to  cut  the  land  uji 
into  irregular  shaped  plots,  which  is 
a  disadvantage  to  the  farmer. 

The  method  of  organizing  drain- 
age commissions  for  co-operative 
work  was  outlined  and  it  was  sug- 
gested that  the  tile  manufacturer 
should  place  himself  in  a  position  to 
advise  on  drainage  problems  and 
keep  in  touch  with  projected  work 
in  his  vicinitj'. 

rOSSIBIMTIES    FOR    THE    USE    OF     COX- 
CRETE    TILE    IN    THE    MISSISSIPPI 
VALLEY 

C.  H.  Young"  presented  a  paper 
on  "Possibilities  for  the  Use  of  Con- 


'Universal  Portland  Cement  Co.,  Chicago 
"City  Engr.,  Muscatine,  la. 

[ISS] 


Crete  Tile  in  the  Mississippi  Valley." 
Along  the  lines  covered  by  the  pre- 
vious speaker  he  stated  that  a  36-in. 
concrete  tile  is  now  an  economical 
size  but  that  much  depends  upon  the 
grade  of  the  tile  as  compared  with 
that  of  the  open  ditch.  According 
to  Elliott's  tables,  a  21-in.  tile  laid 
on  a  2/10  %  grade  will  drain  about 
2,600  acres.  To  drain  the  same  area 
would  require  an  open  ditch  4'  deep 
with  a  grade  of  6/10  %.  and  an 
average  water  width  of  6'.  This 
would  require  a  top  width  of  12'.  A 
.S6-in.  tile  having  twice  the  area  of 
a  24-in.  tile  and  twice  as  great  a 
discharge  will  drain  6,000  acres.  To 
drain  the  same  area  would  require  a 
ditch  4'  deep,  16'  wide,  with  an  av- 
erage water  width  of  8'.  The  speak- 
er noted  that  while  the  first  cost  of 
the  ditch  is  low  as  compared  with 
tile,  a  l6-ft.  ditch  with  banks 
and  shoulders  destroys  an  acre  of 
land  in  40  rods  and  requires  con- 
stant upkeep. 

Mr.  Young  touched  upon  the  bus- 
iness advantages  of  concrete  tile,  as 
all  material  and  labor  are  obtained 
from  local  sources.  He  cited  a  num- 
ber of  instances  to  show  that  instal- 
lations of  concrete  tile  pay  well,  of- 
ten bringing  an  annual  return  of 
from  33%  to  50%.  and  even  100%. 
The  increase  in  value  of  the  land 
drained  results  in  increase  in  valua- 
tion of  nearly  100%. 

REPORT  OF  COMMITTEE   C-6 

Tile  report  of  Committee  C-6  of 
the  Am.  Spc.  for  Test.  Mat.  was  pre- 
sented by  George  P.  Dieckmann." 
The  proposed  specifications  suggest- 
ed a  resolution  to  take  out  member- 
ship in  the  Am.  Soc.  for  Test.  Mat., 
with  a  view  to  securing  proper  rep- 
resentation in  the  Society  with  ref- 
erence to  sewer  pipe.  The  proposed 
specifications  will  probably  be  sent 
out  to  the  members  of  the  Pipe  As- 
sociation for  further  discussion  and 
comment. 

REORGANIZATION     OF     THE     AMERICAN 
CONCRETE    PIPE    ASSOCIATION 

The  principal  change  in  the  con- 
stitution and  by-laws  is  the  increase 
of  dues  from  ".$5.00  to  $10.  This 
step  was  taken  in  order  to  allow  the 
Association  to  do  more  aggressive 
work  in  the  cause  of  concrete  pipe. 
It  is  believed  that  the  present  condi- 
tion of  the  industry  warrants  the 
higher  membership  fee.  This  in- 
crease was  approved  by  the  Associa- 
tion and  in  addition  a  tonnage  tax 
was  proposed  to  secure  additional 
funds.  This  was  not  approved,  for 
it    was    thought    that   the    increased 
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membership  fees  will  provide  the 
funds  necessary  in  the  coming  year, 
particularly  as  the  reorganized 
Portland  Cement  Assn.  will  lend  its 
aid  through  its  Cement  Products 
Bureau. 

MEETING    OBJECTIONS    TO    CONCRETE 
TILE 

A  paper  by  F.  S.  Phillips^  took 
up  some  of  the  reasons  why  buyers 
are  not  using  concrete  tile.  Mr. 
Phillips  condemned  the  practice  of 
some  manufacturers  who,  he  says, 
occasionally  try  to  account  for  in- 
ferior tile  by  blaming  the  materials 
which  they  use.  He  pointed  out 
that  to  do  this  immediately  weakens 
the  faith  of  the  customer  and  that 
not  only  should  a  good  product  only 
be  turned  out  but  that  any  defective 
tile  or  breakages  should  be  disposed 
of  so  as  to  not  create  an  unfavorable 
impression  on  the  visitor  at  the 
plant.  He  pointed  out  that  stock 
should  be  kept  up  and  that  the  plant 
should  at  all  times  be  kept  in  a  neat 
and  workmanlike  condition.  It  is 
important  that  the  customer  secure 
prompt  deliveries,  as  this  often  de- 
termines the  material  he  will  pur- 
cliase.  He  suggested  that  manufac- 
turers arrange  to  lay  tile  in  the  vi- 
cinity of  their  plants  and  maintain 
test  specimens  so  that  it  will  be  an 
eas}'  matter  to  show  the  customer 
just  what  the  product  will  do  under 
time  and  weather  conditions. 

REINFORCED    CONCRETE    PIPE 

The  subject  of  reinforcing  con- 
crete pipe  was  discussed  by  L.  M. 
Stollard."  Mr.  Stollard  discussed 
the  theory  of  loading  pipe  on  which 
reinforcing  systems  are  based  and 
described  a  number  of  types  of  rein- 
forcing, with  their  relative  advan- 
tages and  disadvantages. 

ELECTION  OF   OFFICERS 

The  following  officers  were  chosen 
for  the  ensuing  year:  Pres.,  G.  F. 
I,illie,  Fremont,  Neb.;  vice-pres.,  F. 
W.  Scanling,  Crisman,  111.,  and 
treas.,  E.  S.  Hanson,  Chicago.  The 
directors  are:  Harry  Cain,  Man- 
kato,  Minn.,  and  W.  D.  Middleton, 
Emmettsburgh,  la. 

The  success  of  the  president  in 
conducting  the  affairs  of  the  Mid- 
West  Cement  Users  Assn.,  of  which 
he  is  also  president,  suggests  that 
the  organization  is  entering  upon  an 
exceptionally  successful  year. 


When  lapping  the  ends  of  rein- 
forcing rods  they  should  not  be 
closely  wrapped  with  wire;  the  con- 
crete must  have  free  access  to  all 
parts  of  the  steel. 

'Chicago 
'Muscatine,  la. 
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Insulating  and    Waterproofing   the 
Roof  of  an  Underground  Room         □ 


The  Question  Below  is 
Discussed  By: 

William  Kinney' 

A.  M.  Wolf' 
Carl  H.  Fuller' 

"/  am  going  to  build  an  under- 
ground room  beneath  a  terrace  in 
connection  with  my  residence.  I 
propose  to  have  the  walls  of  mono- 
lithic concrete  1'  thick.  I  want  to 
put  on  a  flat  roof  of  concrete  which 
tiill  be  partially  covered  with  earth, 
and  I  want  to  avoid  any  possibility 
of  moisture  coming  through  the  slab, 
or  sweating  on  the  inside.  JVhat  is 
the  best  may  to  provide  the  neces- 
sary insulation  to  avoid  the  sweat- 
in^?" 


side  of  the  roof,  serving  as  support 
for  metal  lath  and  cement  plaster. 
The  air  space  thus  secured  will  in- 
sulate the  roof  so  that  condensation 
will  be  prevented.  It  is  necessary 
that  sufficient  reinforcing  be  pro- 
vided in  the  roof  slab  to  carry,  in 
addition  to  the  live  load,  the  weight 
of  the  earth  fill  placed  above  the 
roof  and  the  roof  slab  should  be 
given  a  slight  pitcli  toward  the  front 
or  toward  each  side  for  the  proper 
drainage  of  surface  water  that  might 
find  its  way  through  the  earth  cov- 
ering. 

As  an  additional  precaution  insu- 
lation of  the  walls  may  be  provided 
bv  the  same  metliod  or  by  the  use 
of  some  type  of  hollow  wall  con- 
struction. 


By   j\Ir.   Kinney 

Unless  this  room  is  to  be  used  for 
cold  storage  purposes,  it  is  probable 
that  the  method  of  construction  de- 
scribed below  will  provide  all  the  in- 
sulation necessary  to  avoid  sweating. 
The  roof  slab  should  be  construct- 
ed of  a  mixture  which  will  insure  a 
watertight  slab.  A  mixture  of  1 
sack  of  Portland  cement  to  2  cu.  ft. 
of  clean,  coarse  sand  and  3  cu.  ft. 
of  screened  gravel  or  cruslied  stone. 
mixed  to  a  quaky  consistency  and 
deposited  to  secure  a  dense,  compact 
mass,  should  answer.  If  desired,  as 
an  additional  precaution,  the  top  of 
the  roof  may  be  coated  with  tar. 

Wires  embedded  in  the  under  side 
of  the  slab  or  small  nailing  blocks 
should  be  provided  so  that  after  the 
roof  forms  are  removed  furring 
strips  can  be  fastened  to  the  under 

•Engr.,  Infor.  Bur.,  Universal  Portland  Ce- 
ment Co.,  Chicago 

'Prin.   Asst.  Engr.,  Condron  Co.,  Chicago 
•Engr.,  Greensburg,  Pa. 
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By  Mr.  Wolf 

In  the  writer's  opinion,  the  best 
and  most  effective  way  to  insulate 
the  concrete  roof  slab  of  an  under- 
ground room  in  connection  with  a 
residence  where  the  prevention  of 
condensation  and  moisture  appearing 
on  the  under  side  of  the  slab  is  de- 
sirable, is  described  as  follows : 

In  the  first  place  the  concrete 
walls  and  roof  slabs  should  be  very 
carefully  designed  and  detailed,  with 
sufficient  reinforcement  placed  so  as 
fully  to  reinforce  all  regions  of  ten- 
sion and  thereby  avoid  cracks 
through  which  seepage  may  find  its 
way.  Then  the  reinforcement  should 
be  carefully  placed  and  held  in  posi- 
tion while  concreting.  The  concret- 
ing operation  should  be  so  arranged 
as  to  reduce  the  construction  joints 
to  an  absolute  minimum  and  wher- 
ever used  they  should  be  formed 
with  a  keyway.  The  concrete  mix- 
ture should  be  proportioned  so  as  to 
obtain   as    dense   a    mixture    as   pos- 


sible, mixed  thoroughly  and  care- 
fully spaded  in  the  forms.  This 
concrete  will  be  very  nearly  water- 
proof, but  as  an  additional  safe- 
guard a  good  integral  waterproofing 
compound  may  be  added  to  the  con- 
crete when  mixing. 

Upon  the  finished  concrete  roof 
slab  lay  4-in.  hollow  partition  tile 
(bedded  if  necessary  to  produce  a 
uniform  surface)  so  as  to  cover  the 
entire  roof.  All  ends  should  be  ef- 
fectually closed  to  prevent  mortar 
top  coat  from  entering  them  and 
also  to  seal  up  the  air  spaces  in  the 
tile.  After  placing  tile,  cover  it 
with  a  ll/i;-'n-  layer  of  1:3  cement 
mortar,  reinforced  with  a  wire  fab- 
ric composed  of  1 1-ga.  wires  with 
3-in.  or  4-in.  mesh  placed  about  I/2" 
below  the  surface.  This  will  insu- 
late the  slab  very  effectually  and 
prevent  condensation  on  the  under- 
side of  concrete  slab.*  Since  the 
fill  over  the  slab  will  be  only  1' 
deep,  the  mortar  topping  over  the 
tile  should  be  waterproofed  integ- 
rally or  by  the  membrane  method. 
In  any  event  the  top  should  be  so 
pitched  and  sloped  as  to  shed  all 
seepage  water  very  rapidly,  and 
drains  arranged  to  conduct  water 
away   from  side-walls. 

This  may  seem  like  a  costly  pro- 
cedure, but  the  great  variety  of  con- 
ditions to  be  met  demand  that  un- 
usual precautions  be  taken.  By  the 
use  of  a  layer  of  tile  covered  with 
a  layer  of  cement  mortar  the  double 
purpose  of  insulating  and  roofing 
the  slab  for  drainage  is  accom- 
plished, and  if  properly  done  no 
trouble  should  be  experienced  from 
condensation  or  seepage. 
By  Mr.  Fuller 
The  first  part  of  the  question  pre- 
supposes an  accumulation  of  water 
on  the  outside  finding  its  way 
through  the  concrete  by  percolation, 
induced'  by  a  slight  hydrostatic  head 


<See    Mr.    Wolf's    discussion    in    Concreib, 
May,  1914,  p.  241 
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or  pressure,  while  the  latter,  that  of 
sweating,  may  be  due  entirely  to 
some  inside  influence  and  have  no 
connection  with  the  exterior  mois- 
ture in  the  soil. 

There  are  three  methods  of  water- 
proofing concrete,  (a)  by  paint  coat- 
ing, (b)  the  integral  method,  and 
(c)  the  membrane  method.  All 
three  processes  have  their  advocates 
and  it  might  be  well  to  consider 
some  of  their  relative  advantages  or 
disadvantages. 

Painting  means  the  application  to 
the    outer    surface    of   wall    or    roof 
of    certain    liquid    preparations,    in- 
tended to  seal  up  the  pores  of  the 
concrete,   thereby   making   it   water- 
tight.    There  are  many  such  prepa- 
rations on  the  market,  some  of  them 
having    considerable    merit..     All    of 
them   consist   of   a   small   amount  of 
solid    matter,    carried    in    a    solution 
of  water  or  some  volatile  oil.     The 
oil  or  the  water  is  merely  a  vehicle 
or  carrier  and  eventually  evaporates, 
leaving    the    solid    matter,    which    is 
the    actual    insulating    material,    ad- 
hering to  the   rough  surface   of   the 
concrete.     The  trouble  with  many  of 
these  preparations   is   that  they  con- 
tain an  insufficient  quantity  of  wat- 
erproofing  material    to   perform   the 
duties  required  of  it.     A  simple  so- 
lution   of   pulverized    clay    dissolved 
in   water  and   applied  with   a   brush 
as   thick    as    it    will    stand,    will    fill 
the  pores   of  the  concrete   as   effec- 
tively    as     many     of     the     patented 
preparations,    on    the    principle   that 
the   exterior  hydrostatic  pressure  of 
the  WTter  forces  the  fine  particles  of 
the  clav  into  the  interstices,  sealing 
them  up  and  making  the  whole  im- 
pervious  to   water.      If   the   wall    is 
absolutely    dry.    the    anplication    of 
either    red    lead    or    white    lead    and 
oil    will    give    far    more    satisfactory 
and  certain  results  than  the  majority 
of  the  so-called  concrete  paints,  but 
lead  and  oil  cannot  be  made  to  ad- 
here to  a  surfaee  that  is  damp  when 
they  are  applied. 

[Editorial  Note — Nor  should  lin- 
seed oil  paints  be  used  on  con- 
crete without  first  applying  to  the 
concrete  surface  a  solution  of  zinc 
sulphate  in  water  (equal  parts  by 
weight)  and  allowing  48  hrs.  to  72 
hrs.  for  drying).'] 

The  integral  method  of  water- 
proofing consists  of  adding  certain 
ingredients  to  the  concrete  when  it 
is  mixed,  to  combine  with  the  cement 
in  making  the  concrete  impervious 
to  water.  Some  of  these  prepara- 
tions do  accomplish  a  certain  amount 
of  good  when  added  to  a  rich  mix- 
ture  of  concrete,  but  the  admixture 
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of  from  3%  to  5%  of  clay  will 
accomplish  much  the  same  result, 
while  the  addition  of  their  cost  value 
in  cement  itself  will  frequently  pro- 
duce a  concrete  sufficiently  dense  to 
withstand  the  water  without  their 
addition. 


[Editorial  Note — Any  value  from 
the  admixture  of  clay  presupposes 
a  most  thorough  mixing  and  a  most 
finely  divided  clay.  By  many  engi- 
neers it  is  still  considered  question- 
able practice  to  mix  clay  in  con- 
crete.] 

A  good  dense  concrete,  the  prime 
consideration  of  the  integral  method, 
will  withstand  considerable  water 
pressure  before  showing  signs  of 
percolation,  and  if  there  is  clay  in 
the  outside  soil  such  percolation  will 
stop  eventually,  although  the  wall 
may  never  become  absolutely  dry. 
Chemicals  and  their  ingredients  add- 
ed to  concrete  for  the  purpose  of 
waterproofing  it  have  a  tendency  ta 
weaken  it  structurally,  although  the 
quantity  usually  added  is  seldom. 
sufficient  to  produce  noticeable  re- 
sults on  ordinary  structures. 

While  these  criticisms  should  not 
be  considered  in  the  light  of  con- 
demnation of  all  such  methods,  for 
some  undoubtedly  possess  consider- 
able merit,  none  of  these  methods- 
affords  any  protection  against  ex- 
pansion cracks,  which  almost  invari- 
ably occur  in  any  mass  concrete^ 
especially  if  it  is  not  reinforced. 

The  membrane  method  is  a  com- 
plete waterproofing  if  thoroughly 
done,  affording  ample  protectioi* 
against  cracks  and  may  be  used  with 
a  low  grade  of  concrete  with  nearly 
as  good  results  as  with  the  densest. 
It  has  been  tested  in  connection  with 
stone  and  brick  work  in  addition  to- 
concrete  work  on  some  of  the  larg- 
est structures  in  the  country,  where- 
the  waterproofing  was  of  vital  im- 
portance. For  many  years  it  has- 
been  almost  universally  used  in  the 
heavy  underground  building  opera- 
tions, tunnels  and  subways  in  New- 
York,  and  specialists  in  that  line 
will  give  guarantee  bond  against 
any  known  head  of  water.  To  in- 
sulate a  wall  properly  from  water 
on  the  outside,  it  is  necessary  to- 
erect  a  thin  wall  of  concrete,  which 
only  needs  to  be  of  sufficient  thick- 
ness to  carry  itself  and  the  mem- 
brane. When  thoroughly  dry,  ap- 
ply a  coat  of  hot  pitch  (not  gas- 
tar),  follow  immediately  with  a 
waterproofing  felt,  all  materials  be- 
ing of  the  best  quality  obtainable. 
Where  intended  to  withstand  a  con- 
siderable water  pressure,  several' 
thicknesses  of  felt  should  be  used, 
each  being  mopped  on  with  hot  pitch. 
In  New  York  and  other  places  where 
work  is  done  at  considerable  depths 
below  the  water  line,  as  many  as  20 
thicknesses  of  felt  are  sometimes 
used,  but  for  ordinary  foundations- 
it  is  seldom  necessary  to  use  more 
than  two.  After  the  membrane  has 
been  built  up,  the  inner  or  actual 
retaining  wall  should  be  constructed 

March,  191& 


CONCRETE 


•OP  the  process  may  be  reversed  and 
the  retaining  wall  built  first,  as  the 
thin  outer  wall  is  intended  only  as 
■a  protection  for  the  membrane.  Af- 
ter the  wall  has  been  finished,  the 
roof  may  be  added  and  waterproofed 
in  the  same  way,  but  being  flat  or 
nearly  so,  a  few  inches  of  sand  and 
gravel  may  be  used  instead  of  the 
protecting  layer  of  concrete,  before 
backfilling  with  the  natural  soil. 
Care  should  be  taken  that  all  joints 
■in  the  insulation  are  perfect. 

Should  there  be  danger  of  water 
coming  up  through  the  floor,  a  sub 
floor  of  concrete  about  3"  thick 
should  be  laid,  tamping  smooth  witli 
a  flat-faced  tamper,  when  water- 
proofing may  be  applied  and  the  real 
floor  constructed  on  top  of  it.  Figs. 
1,  2,  3  and  't  show  the  progressive 
steps  in  constructing  a  floor,  a  side 
wall  and  a  roof  waterproofed  in  this 
•way. 

As  an  additional  precaution,  a  sub- 
soil drain  should  be  constructed 
around  the  foundation,  draining  to 
some  outlet  where  there  will  be  no 
back  pressure.  Four-in.  or  6-in., 
second  quality,  bell-jointed  sewer 
tile  may  be  used,  the  joints  being 
made  without  cement  or  other  joint 
material  and  the  trench  backfilled 
with  crushed  rock  or  coarse  gravel, 
broken  brick  or  cinders.  This  will 
relieve  any  possible  hydrostatic  ac- 
tion of  the  water  in  the  soil. 

A  simple  modification  of  this  plan 
might  be  used  in  connection  with  the 
drains.  This  consists  of  applying 
two  or  three  coats  of  hot  pitch 
brushed  on  thick,  to  the  side  walls 
and  roof.  Considerable  care  should 
be  used  to  avoid  pin  holes  and  con- 
crete must  be  absolutely  dry  when 
applied.  Fig.  5  illustrates  the 
method. 

As  before  suggested,  sweating 
may  be  caused  by  some  inside  in- 
fluence entirely  independent  of  hy- 
drostatic pressure  on  the  opposite 
side  and  frequently  occurs  in  plas- 
tered masonry  buildings  constructed 
entirely  above  the  ground,  when  the 
outside  air  is  perfectly  dry,  and 
occasionally  in  a  frame  house.  If 
the  wall  is  cold  and  the  air  moist 
and  heated,  this  condensation  takes 
place  very  quickly  and  may  usually 
be  traced  to  insufficient  ventilation. 
Such  condensation  most  frequentlv 
occurs  on  walls  backed  up  with  earth 
or  soil,  as  in  the  basement,  owing  to 
the  difference  in  temperature  be- 
tween the  wall  and  the  atmosphere. 
One  quite  effective  method  of  guard- 
ing against  this  defect  is  to  fur  out 
the  wall  with  2-in.  strips  and  lath 
and  plaster,  thereby  providing  an 
air  space  for  insulation.  Ventila- 
tion  is    also   an    effective   prevention 
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if  the  inside  atmosphere  is  not  of 
excessive  humidity.  Fig.  6  shows  a 
simple  ventilator  that  may  be  used 
in  connection  with  an  underground 
room  and  as  many  as  desired  may 
be  used,  either  in  groups  or  scat- 
tered along  the  wall  separately. 

The  membrane  method  of  water- 
proofing may  be  used  in  connection 
with  the  sub-soil  drainage  in  pro- 
tecting the  cellars  or  other  substruc- 
tures and  may  be  relied  on  when 
the  work  is  properly  done. 


Cutting  Reinforced 
Concrete  Units   u        n 

The  FoLLowrxG  Question  is 

Discussed  By: 

L.  C.  Wasox' 

Albert  M.  Wolf' 

W.  M.  Kinxey" 

"We  frequently  have  occasion  in 
installing  reinforced  concrete  floor 
units  to  cut  off  these  members  and 
7ve  should  like  to  know  some  quick 
and  economical  ivay  of  doing  it. 
Chisels  and  hack-saw  make  a  slow 
process." 

By  Mr.  Wason 
For  the  small  amount  of  cutting 

'Aberthaw  Constn.  Co.,  Boston 
=Prin.  Asst.  Engr.,  Condron  Co.,  Chicago 
'Engr.    in   Clig.,    Infer,   and    Inspec.    Burs., 
Universal  Portland  Cement  Co.,  Cliicago 


of  hard  concrete  with  steel  embedded 
in  it  that  we  have  to  do,  we  should 
use  the  e.xpensive  method  mentioned, 
namely,  cutting  the  concrete  with 
cold  chisel  and  sawing  off  the  bars 
with  a  hack-saw.  We  have  never 
done  enough  cutting  to  justify  study- 
ing out  any  other  methods  and  so 
we  cannot  from  experience  recom- 
mend  anything  of   benefit. 

By  Mr.  Wolf 

In  regard  to  a  quick  and  econom- 
ical process  of  cutting  reinforced 
concrete  beams  in  unit-built  con- 
struction, perhaps  the  best  is  the  use 
of  the  oxy-acetylene  blow  torch. 

It  has  generally  been  the  practice 
to  cut  the  concrete  surrounding  the 
steel  with  cold  chisels  and  when  the 
steel  is  exposed  to  cut  it  either  with 
a  hack-saw  or  the  oxy-acetylene 
flame. 

In  wrecking  the  Crane  Co.  build- 
ing at  Chicago  in  the  winter  of  1912 
to  make  way  for  the  new  "Soo" 
freight  terminal  it  was  discovered 
that  the  concrete  could  be  readily  cut 
with  the  oxy-acetylene  torch  if  the 
mixture  and  the  pressure  were 
properly  regulated.  In  this  particu- 
lar case  the  floor  girders  were  of 
structural  steel  (15-in.  I-beams)  en- 
cased in  concrete.  These  were  cut 
off  completely  with  the  torch  in  12 
min.,  which  is  rapid  work,  as  can  be 
readily  appreciated  by  those  who  are 
used  to  the  chisel  and  hack-saw 
method. 

For  cutting  the  concrete  it  was 
found  that  acetylene  and  oxygen 
pressures  of  20  lbs.  and  50  lbs.,  re- 
spectively, produced  the  best  result. 
At  these  pressures  the  concrete 
seemed  to  disintegrate  under  the  ac- 
tion of  the  blow-torch,  as  if  it  con- 
tained water.  For  such  work  the 
men  should  wear  helmets  similar  to 
those  worn  by  sand-blasters  to  pro- 
tect the  face. 

The  oxy-acetylene  outfits  are  not 
low  in  first  cost,  but  if  much  cut- 
ting must  be  done,  they  should  prove 
the  most  economical,  since  both  con- 
crete and  steel  can  so  readily  be 
cut. 

By  Mr.  Kinney 
Pneumatic  drills  or  hammers  and 
the  oxy-acetylene  flame  seem  to  be 
the  most  useful  equipment  for  cut- 
ting through  concrete  and  reinforc- 
ing steel,  respectively.  One  of  the 
first  interesting  records  of  the  use 
of  such  apparatus  is  in  connection 
with  the  wrecking  of  the  Baltimore 
News  building.'  We  believe  that  this 
apparatus  would  be  very  effective  in 
cutting  down  the  reinforced  concrete 
floor  units  mentioned. 


[7.J5] 


CONCRETE 


Prevention  of  Joint  Marks  in  Stucco 
Over  Block  and  Tile    n  n  n 


The  Questiox  Below  is  Discussed 

By: 

Wm.  M.  Kinney^ 

C.  W.  Baumgardner- 

L.  C.  Wason^ 

P.    P.     COMOLI* 

It  has  been  observed  that  many 
structures  built  of  rough  concrete 
and  of  tile  show  the  joints  between 
the  units  more  or  less  distinctly  af- 
ter the  stucco  has  been  applied. 
This  is  particularly  marked  after 
rain.  Can  you  suggest,  (1)  the  rea- 
son for  this  condition,  (2)  precau- 
tions necessary  to  eliminate? 

By  Mr.   Kinney 

We  have  not  observed  this  condi- 
tion where  the  stucco  is  three-coat 
work,  but  have  noticed  it  in  a  num- 
ber of  cases  where  the  exterior 
plastering  consists  of  a  scratcli  coat 
and  finish  coat,  particularly  where 
a  sand  finish  is  used. 

An  experienced  plasterer  in  Chi- 
cago, who  has  done  a  large  amount 
of  stucco  work,  gives  an  opinion 
that  this  condition  depends  mainly 
on  the  relative  density  of  the  block 
or  tile  and  the  mortar  joint;  also 
workmanship  and  weather  conditions 
during  early  liardening.  Tlie  por- 
tions of  the  wall  surface  that  are 
more  porous  than  others  will  absorb 
water  more  readily  from  the  scratch 
coat  unless  care  is  taken  to  soak  the 
wall  thoroughly  beforehand.  This 
results  in  a  difference  in  density  in 
the  scratch  coat  and  ultimatelj'  a 
permanent  discoloration,  which  in 
two-coat  work  is  very  likely  to  show 
through  the  thin  finish  coat. 

If  the  block  or  tile  be  laid  up  in 
cement  mortar,  the  latter  will  prob- 
ably have  the  greatest  density  and 
consequently  tlie  joints  will  show 
light  against  the  darker  surface.  If 
the  block  be  dense  and  laid  in  lime 
mortar,  the  effect  would  be  reversed. 
Should  the  weather  be  rainy,  how- 
ever, while  the  scratch  coat  is  hard- 
ening, the  markings  may  not  show 
at  all.  This  would  be  particularly 
true  of  the  side  of  a  building  most 
exposed  to  the  weather,  which  may 
account  for  the  appearance  of  joint 
markings  on  several  walls  of  a  house 
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where  they  may  not  appear  at  all 
on  one  side.  This  plasterer  believes 
that  the  remedy  is  to  allow  the 
scratch  coat  to  harden  thoroughly 
before  applying  the  intermediate  or 
finish  coat,  preventing  it  from  dry- 
ing out  by  carefully  sprinkling  with 
water.  In  this  way  a  surface  of 
even  density  can  be  obtained  and  no 
joint  markings  will  result.  If  the 
wall  surface  is  thoroughly  soaked 
with  water  prior  to  applying  the 
scratch  coat,  it  is  not  likely  that  the 
markings  will  appear,  and,  as  al- 
ready observed,  the  use  of  three-coat 
work  is  apparently  another  preven- 
tive. 

By   Mr.    Baumgardxer 

It  has  been  our  experience  that 
discoloration  at  the  joints  is  more 
noticeable  with  hollow  clay  tile  tlian 
with  concrete  block,  due  no  doubt  to 
the  fact  that  unless  the  tile  are  vit- 
reous there  is  a  greater  variation 
of  porosity.  Capillary  attraction 
causes  the  moisture  to  leave  the 
plaster  or  stucco  and  enter  the  sur- 
face to  which  it  is  applied.  It  will 
be  readily  understood  that  this  mois- 
ture will  follow  less  quickly  into  the 
dense  material  than  into  the  porous, 
with  the  result  that  in  the  drying  out 
or  curing  process  there  will  be  a 
difference  in  color  of  the  exterior 
surface. 

As  to  the  precautions  necessary  to 
eliminate  this  condition,  in  the 
cheaper  class  of  construction  we 
drench  the  walls  until  the  affinitj-  for 
moisture  of  the  surface  to  be  stucco- 
ed has  been  satisfied  completely. 
The  average  mechanic's  idea  of  wet- 
ting the  wall  is  merely  to  wet  the 
surface,  while  the  interior  of  the 
block  or  unit  is  comparatively  dry. 
This  moisture  is  afterward  absorbed 
by  the  interior  part  of  the  unit, 
which  does  not  leave  sufficient  mois- 
ture for  the  stucco.  Too  much  stress 
can  not  be  laid  on  the  precaution 
of  protecting  the  surface  from  dry- 
ing out  too  fast  or  allowing  it  to  be 
exposed  to  wind  and  sun. 

When  the  design  or  construction 
■  will  warrant  the  expense,  before  ap- 
plying the  stucco  we  give  the  walls 
an  application  of  any  good  bonding 
coat,  several  of  which  are  on  the 
market.  This  absolutely  seals  the 
pores  of  the  surface  to  be  plastered, 
and  if  care  is  taken  to  see  that  each 
batch  of  plaster  in  the  mixing  is  of 
the  same  consistency,  with  the  same 


precaution  for  drying  out  or  expos- 
ure, there  will  always  result  an  evert 
color  in  the  stucco. 

By  Mr.  Wason 

When  cement  stucco  is  applied  to 
rough  concrete  block,  or  tile,  and  the 
joints  show  through,  especially  af- 
ter rain,  it  is  doubtless  due  to  the 
use  of  an  inferior  grade  of  . stucco, 
one  that  is  porous  and  too  thin. 

All  are  familiar  with  the  dark 
streaks  on  old  plaster  ceilings  where 
wood  lath  are  used.  This  is  due  to 
the  porosity  of  the  lime  plaster  al- 
lowing air  to  pass  through  the  iilast- 
er  between  the  laths  carrying  with 
it  dirt,  which  is  deposited,  causing- 
dark  streaks, 

I  believe  that  the  lints  seen  on 
stucco  surfaces  are  due  to  a  similar 
cause,  the  variation  in  the  density 
of  the  concrete  and  that  of  the  mor- 
tared joints.  If  the  stucco  applied 
over  this  is  porous  the  moisture 
which  soaks  through  varies  accord- 
ing to  whether  it  is  over  a  joint  or 
over  a  block. 

The  precaution  to  eliminate  this 
trouble  is  the  use  of  a  first-class  ce- 
ment stucco  surface  which  is  in  it- 
self waterproof  or  which  has  had 
a  waterproof  coating  applied  to  it. 

By  Mr.  Comoli 

The  reason  that  the  joints  show 
through  stucco  over  block  is  that 
the  mortar  is  mostly  lime  with  not 
enough  cement.  The  proper  mix 
for  mortar  is  cement  and  sand  with 
enough  lime  in  it  to  make  the  mortar 
work  plastic,  say  25%.  The  joints 
should  be  raked  out  at  least  ^4"  to 
lo"  when  the  blocks  are  laid.  The 
principal  cause  is  one-coat  work, 
with  the  cement  coating  applied  to 
the  wall  which  has  a  joint  of  much 
softer  material,  that  has  different 
absorption  from  the  block.  We  find 
the  same  trouble  in  plastering  over 
tile  walls.  One  tile  may  be  hard 
burnt  and  another  soft  burnt;  this 
will  have  the  same  effect  on  its  sur- 
face unless  more  than  one  coat  is 
put  on.  If  more  than  one  coat  is 
put  on,  the  first  coat  should  set  at 
least  8  hrs.  before  the  second  or  last 
coat  is  put  on,  but  the  first  coat  must 
be  left  rough  and  be  wet  uniformly 
before  the  next  coat  is  put  on ;  if 
this  method  is  used,  no  joints  will 
be  seen  after  the  walls  have  dried 
out.  I  never  have  any  trouble  but 
I  generally  put  three  coats  on  my 
best  work  with  the  rougli-cast  finish ; 
one-coat  work  is  not  to  be  consid- 
ered. I  have  a  duplex  building  next 
door  to  my  residence  built  of  4-in. 
double  wall  cement  block  and  plast- 
ered two  coats  and  rough-cast ;  no 
joints  can  be  seen. 
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Correspondence  :  a  Department 

in  Which  the  Reader  Becomes  tlie   Writer         □ 


This  is  your  department.  It  is  in/or /nal.  Use  it.  This  is  the 
place  for  letters  rvliich  have  either  inspiration  or  information  for 
the  "other fellow.''  It  is  rvell  to  remember  that  yoii  are  usually 
in  his  position.  If  you,  are  to  get  the  good  out  of  these  columns, 
xvhy  not  help  to  make  them  good  ?  UYite  about  ijour  rvork. 
Help  the  Other ''other fellow."'  nan 


Can  the  surface  finish,  a  kind  that 
is  pleasing  in  appearance  and  per- 
manent, be  made  directly  in  the 
forms  so  that  no  subsequent  plaster- 
ing is  necessary?     (Yes — Editors.) 

[Editorial  Note  —  No  one  will 
blame  Mr.  Brady  for  not  liking  the 
appearance  of  this  job.  It  is  hardly 
a  fair  sample  of  concrete  school  or 
other  building  construction.  As 
likely  as  not  our  genial  friend  Hap 
Hazzard  had  a  hand  in  it  some- 
where.] 


Beach   Shells^,  as    Con- 
Ugly  and  Defective  Concrete   Work   ^^^f^  A^gresate         c 

on  Public  Buildinffs  □  a 


A  Letter  from  A.  Morgan  Smith' 


A  Letter  from  F.  A\'EnsTER  Brady 

The  proverbial  mud  fence  was 
never  uglier  than  are  the  present- 
day  defective  and  improperly  faced- 
up  concrete  constructions.  Espe- 
cially is  this  ugliness  emphasized 
where  tiie  buildings  arc  of  a  class 
that  every  one  is  accustomed  to  look 
.  to  for  the  beautiful  examples  of 
architecture,  such  as  schools, 
churches,  libraries  and  the  like. 

The  accompanying  illustration 
shows  the  shabby  appearance  of  the 
concrete  work  on  a  new  school  build- 
ing. The  construction  consists  of  a 
heavy  reinforced  concrete  frame- 
work with  brick  curtain  walls.  The 
surfacing  of  the  concrete  frame  has 
scaled  off  to  a  depth  varying  from 
l/o"  to  '2V-/'  or  so. 

One  of  the  sad  features  of  "rot- 
ten" concrete  work  on  most  public 
buildings  is  that  the  responsibility 
for  it  is  seldom  fixed.  The  taxpay- 
ers must  foot  the  bills,  and  they  in- 
herit  the    gift    of   ugliness,    besides. 

The  school  building  siiown  was 
erected  in  the  late  fall  and  in  mid- 
winter. The  freezing  weather  was 
against  the  laying  of  reliable  con- 
crete, except  possibly  when  under 
very  close  supervision.  The  reason 
for  doing  the  work  out  of  season 
might  have  originated  from  one  or 
more  members  of  the  school  board. 
who  were  in  a  great  hurry  either  for 
glory  or  otherwise;  or  it  might  have 
come  from  the  contractors:  or  again. 
it  may  have  been  the  will  of  both 
of  these  parties.  The  public,  too. 
carries  some  responsibility,  aside 
from  electing  its  representatives.  At 
any  rate,  there  was  no  authoritative 
and  competent  supervision  of  the 
work;  the  poor  quality  of  the  work 
stands  as  a  witness  against  itself. 

In  public  affairs  there  is  mucli 
opportunity    for    building    construc- 
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tion  to  be  s|)oiled.  This  is  because 
tlie  officials  are  either  ignorant  of 
technical  and  engineering  matters  or 
tliey  are  too  busy  to  give  proper 
attention  to  the  work. 

As  the  danger  from  these  and 
other  causes  is  so  great,  and  as  con- 
crete work  is  more  easily  spoiled 
than  either  stone  or  brick  work,  the 
public  would  be  better  off  in  going 
slow  by  endorsing  the  use  of  con- 
crete  in   public  buildings. 

The  concrete  used  in  the  school 
building  mentioned  contains  whole 
gravel  aggregates,  many  of  these 
being  larger  than  a  hen's  egg,  and 
so  smooth  that  the  cement  has  not 
stuck  to  them.  (Probably  dirty  ag- 
gregate— Editors.) 

This  sorry  case  suggests  these 
questions:  Can  reliable  concrete 
construction  be  done  in  freezing 
weather?      (Yes — Editors.) 


In  the  Aug.,  1915,  issue  of  Con- 
crete I  read  with  interest  the  dis- 
cussions of  the  question:  "Can  you 
give  me  definite  information  on  the 
reliability  of  beach  or  sea  shells  as 
a  concrete  aggregate?" 

Last  winter  while  on  the  south- 
west coast  of  Florida  I  had  occasion 
to  make  some  reinforced  concrete 
designs,  and  to  get  definite  informa- 
tion as  to  the  reliability  of  shell  con- 
crete I  got  from  the  Gulf  Coast 
clean,  fresh  shells  (not  live  shells) 
that  would  pass  through  a  l-in. 
mesh — the  most  would  pass  through 
a  i/o-in.  mesh.  The  sand  was  from 
the  pine  woods. 

The  specimens  I  made  to  be 
crushed  were  4.87-in.  cubes;  age 
when  crushed  at  42  das. 

Dihe   1   failed   at  26,000  lbs.  or  about   1,100 

lbs.  per  sq.  in. 
Cube   2    failed    at   28,000   lbs.   or  about    1.180 

lbs.  per  sq.  in. 
Cube   3    failed    at   32.000   lbs.   or   about   1,350 

lbs.  per  sq.  in. 
Cnlie   4   failed   at  31,200  lbs.  or  about  1,320 

lbs.  per  sq.  in. 

The  sand  used  in  cubes  1  and  2 
was  white  surface  sand  and  that  in 
cubes  3  and  4  was  yellow  sub  sand. 
The  mix  in  all  four  cubes  was 
1  :].6:2.6  cement,  sand  and  shells. 

With  the  apparently  unlimited 
supply  of  beach  shells  on  some  parts 
of  the  southwest  gulf  coast  of  Flor- 
ida and  at  a  cost  from  .$1.00  to  $1.50 
per  cu.  vd.  delivered  to  almost  any 
dock,  shells  should  encourage  the 
use  of  concrete  on  the  south  end  of 
the  Peninsula.  Using  a  factor  of 
safety  of  five  it  will  be  noted  that 
these  tests  will  allow  a  working  com- 
pression stress  of  about  230  lbs., 
which  is  a  little  more  than  I/3  of 
what  is  usually  used  for  stone  or 
gravel  concrete. 


How  XOT  TO  DO  A  Concrete  Job 


'Architect,  Mt.  Lebanon,  Pa. 
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More  About  Stresses  in   Concrete 
Beams  and  Slabs         a  a  a 


In  Dec,  1915,  Concrete  present- 
ed an  article  by  Robert  B.  Melvin 
advancing  theories  of  concrete  beam 
and  slab  construction  opposed  to  the 
generally  accepted  theory  that  there 
exists  in  these  members  a  neutral 
plane  and  areas  of  tension  and  com- 
pression. 

The  soundness  of  Mr.  Melvin's 
theories  is  questioned  in  letters  from 
Edward  Godfrey  and  C.  A.  P.  Tur- 
ner. Mr.  Melvin  supports  his  con- 
tention by  describing  and  interpret- 
ing a  partial  failure  of  an  actual 
concrete  structure. 

A  Letter  from  Edward  Godfrey^ 

In  your  Dec,  1915,  issue,  Robert 
B.  Melvin  gives  a  theory  of  rein- 
forced concrete  slabs  and  a  test  pur- 
porting to  show  newly  discovered 
properties.  This  article  is  either  in- 
genious or  ingenuous.  Let  us  hope 
it  is  the  latter. 

These  "discoveries"  would  not  be 
so  bad  if  they  were  not  taken  seri- 
ously, but  so  many  errors  have  been 
taken  seriously  that  it  behooves  the 
profession  to  examine  the  teeth  of 
new   theories. 

Mr.  Melvin  is  apparently  under 
the  impression  that  a  fixed  end  beam 
is  one  whose  ends  are  not  only  held 
against  deflection  but  also  fixedly 
held  against  horizontal  motion.  A 
fixed  end  beam  by  his  theory  would 
have  an  unlimited  capacity  of  the 
ends  to  resist  tension.  This  is  not 
the  truth.  A  fixed  end  beam  is 
merely  held  horizontal  at  the  ends. 
It  may  be  merely  balanced  at  the 
supports,  and  the  supports  may  be 
high  columns  not  capable  of  resist- 
ing any  horizontal  pull. 

Mr.  Melvin's  test  merely  shows 
what  three  concrete  covered  harp  or 
fiddle  strings  would  carry.  It  has 
no  relation  whatever  to  the  carrying 
capacity  of  a  slab,  for  he  says  that 
the  slab  was  broken  clear  across. 
The  nearest  thing  to  this  is  a  test 
published  some  years  ago  where  the 
slab  was  reinforced  with  chain.  The 
^'fiddle"  was  a  steel  box  of  tremen- 
dous strength  but  the  details  of  that 
Tjox  were  carefully  concealed  in  the 
article. 

The  harp  or  fiddle  used  in  Mr. 
Melvin's  test  was  (judging  from  the 
nhotographs)  six  or  eight  times  as 
big  as  the  slab  in  cross-section   and 


'Civ.  Engr.,  Pittsburg 
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probably  20  times  as  heavy  in 
weight.  This  slab  j^robably  failed 
under  a  small  load,  but  after  this 
the  "post  mortem"  strength  would 
be  largely  a  function  of  the  end 
anchorage,  for  the  rods  are  shown 
to  be  sagged  away  down  in  the  test, 
acting  like  a  suspension  bridge. 
Buildings  are  not  made  in  this  way. 
Idle  construction  twenty  times  as 
heavy  as  the  slab  cannot  be  supplied 
with  every  slab  that  is  loaded. 

A  circus  net  will  support  a  large 
load  if  a  goodly  number  of  husky 
hands  are  pulling  out  on  its  circum- 
ference. But  a  circus  net  stretched 
under  a  floor  slab  could  only  serve 
to  catch  the  debris  after  the  slab 
had  broken. 

The  flat  slab  advocates  have  put 
over  this  same  trick  on  the  gullible 
engineering  profession.  They  load 
a  spot  in  a  large  floor,  one  or  more 
interior  bays  but  never  a  complete 
row  of  bays  across  a  building.  I 
have  shown  experimentally  that  the 
result  is  surprising  when  a  complete 
row  is  loaded  and  a  flat  slab  is  com- 
pelled to  assume  a  cylindrical  shape 
instead  of  being  dished  in  one  panel. 

A  Letter  from  C.  A.  P.  Turner- 

In  your  issue  of  Dec,  1915,  in  an 
article  by  Mr.  Melvin,  you  state  that 
Mr.  Melvin  takes  a  stand  in  direct 
opposition  to  commonly  accepted 
theories  of  floor  design.  His  dia- 
grams are  intended  to  show  a  dif- 
ference between  simple  beam  theory 
and  continuous  beam  theory  which, 
upon  a  critical  analysis,  it  will  be 
seen  does  not  in  fact  exist.  Never- 
theless Mr.  Melvin  has  pointed  out 
a  radical  inconsistency  in  the  re- 
quirements of  building  ordinances 
regarding  shear.  For  example,  the 
shearing  values  allowed  for  the  con- 
tinuous beam  and  the  simple  beam 
under  nearly  all  building  codes  are 
the  same.  The  mathematical  beam 
theory,  however,  fully  worked  out, 
shows  that  diff"erent  requirements 
should  logically  be  made  between  the 
simple  and  the  continuous  beam. 

Looking  at  the  continuous  beam  in 
the  light  of  its  makeup  it  consists 
essentially  of  a  double  cantilever  ex- 
tending from  each  side  of  the  sup- 
port and  a  suspended  span  between 
the  cantilever.  Now  the  double  can- 
tilever is  in  the  same  position  as  re- 
gards horizontal  shearing  deforma- 
tion as  an  inverted  simply  supported 

'C.  A.  P.  Turner  Co.,  Minneapolis,  Minn. 


beam  of  the  length  of  the  cantilever. 
In  the  simply  supported  beam  the 
maximum  horizontal  shearing  defor- 
mation occurs  at  the  end.  The  same 
is  true  of  the  double  cantilever  and 
these  horizontal  shearing  deforma- 
tions fit  in  to  those  of  the  suspended 
span  portion. 

The  mathematical  treatment  of  the 
shear  in  continuous  beams  is  not 
given  in  the  majority  of  theoretical 
treatises  on  concrete.  It  will,  how- 
ever, be  found  correctly  discussed  in 
the  treatise  by  Eddy  and  Turner,  on 
pages  108  and  109,  where  it  is 
shown  that  the  diagonal  tensional  de- 
formation brought  about  by  the  ver- 
tical and  horizontal  shear  is  only 
half  as  great  for  a  given  unit  shear 
on  the  section  in  a  continuous  beam 
at  the  support  as  it  is  in  the  simple 
beam.  This  fact,  readily  brought 
out  by  the  complete  mathematical 
theory,  seems  to  be  the  basis  of  Mr. 
Melvin's  erroneous  conclusion  that 
there  is  no  neutral  plane  with  the 
conditions  of  bending  found  in  the 
continuous  beam.  The  conditions 
which  he  finds  are  those  which  theory 
predicts  and  are  in  accord  with  the 
theory,  and  so  in  no  wise  constitute 
a  contradiction  of  that  theory  and  it 
forms  no  basis  for  his  conclusions. 
The  relation  of  thickness  to  span  is 
also  investigated  in  the  same  treatise 
on  pages  85  to  87,  and  conclusions 
quite  diff'erent  from  those  Mr.  Mel- 
vin would  draw  are  arrived  at  from 
the  same  acknowledged  state  of 
facts. 

.\  Letter  from  R.  B.  Melvin' 

It  is  evident  from  the  tone  of  Mr. 
Turner's  criticism  that  he  did  not  go 
into  the  whole  matter  of  my  theory. 
He  agrees  with  me  concerning  hori- 
zontal shear,  but  sticks  tight  to  the 
neutral  plane  theory,  ignoring  the 
more  important  points  of  the  discus- 
sion and  the  fact  that  "a  curved  line 
between  two  points  must  be  longer 
than  a  straight  line  connecting  the 
same  two  points." 

The  assumption  that  a  continuous 
beam  is  made  up  of  a  double  canti- 
lever supporting  a  simple  beam  at 
the  ends,  as  mentioned  by  Mr.  Tur- 
ner, is  not  only  an  unreasonable  as- 
sumption, but  deliberate  sidestep- 
ping of  the  true  conditions  which  we 
know  to  exist.  The  ends  of  this 
combination  cantilever  and  simple 
beam  are  absolutely  fixed. 

If  a  combination  of  beams  could 
be  constructed  according  to  the  can- 
tilever-simple beam  theory  and  made 
to  act  as  such  under  load,  the  ends 
of  the  cantilevers  and  the  ends  of 
the  simple  beam  would  pull  away 
from  each  other. 
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The  action  of  the  |)l,itform  beams 
under  load,  after  being  apparently 
destroyed  by  slirinkagc,  verifies  the 
results  of  my  test  and  proves  con- 
ehisively  that  the  value  of  a  fixed 
end  span  is  its  tensile  value. 

THE  EFFECT  OF  SHRINKAGE  ON  CON- 
CRETE BEAMS 

The  purpose  of  the  following 
data  is  to  show  by  two  actual  cases 
of  concrete  beam  shrinkage: 

1.  That  the  simple  beam  or  beam 
with  one  or  both  ends  free, 
will  deflect  due  to  shrinkage 
of  the  concrete,  to  sucii  an  ex- 
tent that  the  connection  of 
beam  and  support  is  destroyed. 

2.  That  the  compressive  area  of 
the  concrete  in  a  fixed  end 
beam  is  unnecessary  and  that 
it  does  not  come  into  play 
when  the  beam  is  supporting 
its  load. 

3.  That  the  steel  reinforcing  car- 
ries the  load  and  that  tlie  bond 
between  steel  and  concrete  can 
be  relied  upon  to  fix  the  ends. 

4.  That  the  action  of  the  simply 
supported  and  that  of  the  fixed 
end  beam  are  entirely  differ- 
ent, as  shown  by  the  different 
conditions  of  failure  of  the 
concrete,  due  to  shrinkage. 

Action  of  Beam  of  Two  Spans — 
Fig.  1  shows  an  outside  platform 
Supported  by  a  beam  of  two  spans. 
Cracks,  as  shown,  resulting  from 
contraction  of  the  concrete,  extend 
through  the  members,  separating  the 
concrete  of  the  beam  from  the  col- 
umns. 

The  horizontal  cracks  over  sup- 
ports were  caused  by  the  contrac- 
tion occurring  at  a  and  b,  Fig.  1 
having  a  tendency  to  bend  the  beam 
into  the  form  shown  in  Fig.  '2  and 
lifting  the  beam  from  the  supports 
at  c  and  d. 

The  cracks  at  c  were  caused  by 
the  combined  shear  and  vertical  ten- 
sion occurring  at  the  bearing  ends 
of  beam  when  the  beam  concrete 
contracted,  thereby  deflecting  the 
beam,  shortening  the  horizontal  dis- 
tance between  the  ends  of  beam  as 
at  e.  Fig.  2.  There  are  no  vertical 
cracks  in  this  beam. 

Action  of  Beam  of  Ten  Spans — 
Fig.  3  shows  the  third  span  from 
end  of  an  outside  platform,  sup- 
ported by  a  continuous  beam  of  10 
spans  resting  on  columns   10'  apart. 

The  cracks  shown  at  a  and  h  are 
the  result  of  combined  shrinkage 
from  drying,  contraction  due  to  tem- 
perature change  and  the  dead  load. 

The  crack  at  a  is  about  ^^ r>"  wide 
at  top,  tapers  to  a  hair  at  the  steel, 
extends  through  the  beam,  complete- 
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Fio.  1 — DiAOBAM  SnowiNO  Cracks  in 
'IVo-Span  Platfohm 
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Fig.    2 — Diagram     to     Illustrate     the 
Tekdency  of   Beam  Under  Load 
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Fio.   3 — Diagram   of  Cracks   Occurring 
in   Continuous  Beam 


ly  separating  the  compressive  area, 
and  occurred  before  any  live  load 
had  been  applied.  The  application 
of  a  distributed  load  of  four  tons 
over  this  panel  had  no  visible  effect 
in  changing  the  width  of  cracks  and 
the  cracks  did  not  close  up  as  would 
be  the  ease  in  a  simple  beam.  All 
spans  in  this  series  except  the  end 
spans  show  cracks  similar  to  Fig.  3. 
There  are  no  vertical  cracks  in  the 
end  spans  but  the  horizontal  cracks 
over  end  supports  are  the  same  as 
shown  in  Fig.  1. 

The  bearing  value  of  the  concrete 
in  this  beam  at  columns,  as  shown 
at  b,  Fig.  3,  is  entirely  destroyed. 
The  entire  load  is  supported  by  the 
steel  rods  acting  in  tension  and  the 
concrete  is  not  acting  in  compres- 
sion but  is  merely  unnecessary  dead 
weight. 

It  will  be  noted  in  Fig.  3  that  at 
the  extreme  fiber  of  points  where 
maximum  horizontal  compression 
should  occur,  according  to  present 
assumptions,  the  cracks  are  widest, 
•ind  taper  as  they  approach  the  steel 
or  points  of  maximum  tension.  This 
condition  is  apparent  after  a  live 
load  is  applied  the  same  as  under 
the  dead  load. 

Another  point  to  be  noted  is  that 
this  span  without  the  opposing  force 
of  compression  still  carries  the  load 
for  which  it  was  designed,  and  it 
would  seem  from  this  condition  that 
a  fixed  end  concrete  beam,  after  ap- 
parent destruction,  will  still  do  the 
work  for  which  it  was  intended. 


Lining  the  Shafts  of  Mines — 
a  Downward  System 

According  to  the  Engineering  Sup- 
plement of  the  London  Times,  a 
paper  by  Marcel  Gillieaux,  read  be- 
fore the  Mining  Institute  of  Scot- 
land, described  a  method  of  lining 
the  shafts  of  mines  from  the  top 
downwards  by  means  of  concrete 
block  of  special  shape. 

He  remarked  that  if  it  were  feas- 
ible to  build  a  concrete  lining  down- 
wards— that  is,  from  the  top  to  the 
bottom,  following  step  by  step  the 
deepening  of  the  shaft — it  would  be 
))ossible  to  dispense  with  all  tempo- 
rary supports,  the  defective  junc- 
tions between  the  sections  in  which 
it  must  be  constructed  would  disap- 
pear, and  the  workmen,  being  in  se- 
curity, would  work  better  and  faster. 
So  far  only  incomplete  and  unsatis- 
factory solutions  of  the  problem 
have  been  proposed,  more  complicat- 
ed than  the  old  methods,  while  pos- 
sessing all  their  defects. 

Concreting  downwards  can,  how- 
ever, be  carried  out  by  using  block 
of  such  a  shape  that  they  are  cap- 
able of  self-suspension,  and  to  that 
end  the  author  has  devised  a  form 
of  construction  in  which  the  seg- 
ments are  of  Z-section.  Each  sec- 
tion is  hooked  on  to  the  next  higher 
section,  and  thus,  on  account  of  the 
weight  of  the  block,  a  closer  joint 
is  made  than  is  possible  in  the  ordi- 
nary way.  The  method  dispenses 
with  all  temporary  shoring,  expen- 
sive bolts  and  ties  and  defective 
junctions,  and  realizes  the  ideal  of  a 
homogeneous  wall.  A  strong  crown- 
ring  is  let  into  the  standing  rock  at 
the  head  of  the  lining,  and  when  the 
sinking  has  progressed  sufiiciently, 
a  series  of  segments  of  special  shape 
is  suspended  from  it  to  form  the 
first  ring  of  the  tubing.  Additional 
rings  are  then  hooked  onto  those 
already  in  position,  the  rib  of  the 
segment  that  forms  the  upper  hook 
being  directed  outwards,  while  that 
which  forms  the  lower  hook  is  di- 
rected inwards.  When  several  rings 
have  been  put  in  position,  the  annu- 
lar space  between  the  lining  and  the 
shaft  wall  is  plugged,  and  a  semi- 
fluid mixture  of  cement  and  sand  is 
injected  through  holes  provided  for 
the  purpose.  When  the  cement  has 
set  it  binds  the  lining  firmly  to  the 
external  rock,  and  additional  blocks 
can  be  hung  on  below  without  fear 
of  straining  the  upper  portion.  The 
blocks  are  reinforced  with  S-iron 
bars  forming  a  double  hook  extend- 
ing from  the  top  to  the  bottom  rib, 
with  auxiliary  simple  hooks  arrang- 
ed symmetrically  to  the  first-named 
in  the  nose  pieces  and  the  throat. 
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Organizations 


American  Concrete  Institute,  John  M. 
Goodell,  Acting  Secretary,  1418  Walnut 
St.,  Philadelphia,  Pa. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,  Chicago. 

American  Highway  Association,  Chas. 
P.  Light,  Field  Secretary;  Colorado 
Bldg.,  Washington,  D.  C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 
N.  Y.   C.     Convention. 

Association  of  American  Portland  Ce- 
ment Manufacturers  (Portland  Cement 
Association),  J.  P.  Beck,  Gen.  Mgr., 
Ill   Washington   St.,  Chicago. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  Robt.  F. 
HaU,  Secy. 

Mid  West  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Oma- 
ha, Neb. 

Second  National  Conference  on  Con- 
crete Road  Building,  J.  P.  Beck,  Secy., 
208  S.  LaSalle  St.,  Chicago. 


IVew  Books 


Engineering  as  a  Career — A  series 
of  papers,  by  engineering  special- 
ists edited  by  F.  H.  Newell  and 
C.  E.  Drayer,  cloth,  5"  x  TVo", 
21 4  pp.,  G.  Van  Nostrand  Co., 
$1.00. 

This  book  is  valuable  as  a  guide 
to  young  men  and  to  those  having 
to  advise  boys  in  the  choice  of  a 
career.  The  varied  branches  of  the 
engineering  profession  are  described 
in  readable  form  and  an  idea  is 
given  of  the  inducements  which  the 
engineering  profession  can  offer  to 
the  technical   graduate. 


Industrial  Uses  of  Fuel  Oil — By  F. 
D.    Dunn,    5"    x    gl/o";    232  "pp., 
illust.,  cloth.  Technical  Publishing 
Co.,  San  Francisco,  $3.00. 
This  book  collects  in  small  space 
details  of  the  actual  use  of  oil  as  a 
fuel  in  various   industries.     Chapter 
6  deals  with  fuel  oil  in  the  clay,  the 
lime  and  the  cement  industry.     De- 
tails of  lime  kilns  are  given,  showing 
the  arrangement  of  burners  and  re- 
ports of  quantities  of  fuel  used  for 
burning  given  quantities  of  lime  are 
given.     Diagrams  are  given  showing 
the  general  arrangement  of  storage 
and    piping   in    connection   with    the 
burning    of    Portland    cement,    also 
factory  records  involving  the  use  of 
fuel  oil. 

urn 


Influence    of    Temperature    on     the 
Strength    of    Concrete.      Bui.    81, 
Eng.  Exp.  Sta.,  Univ.  of  111.     By 
A.  B.  McDaniel,  paper,  6"  x  9", 
S'i  pp.,  illust.      Free. 
This   bulletin   presents  a   study  of 
the  data   obtained   from   three  series 
of   tests   of  concrete  cubes   and  cyl- 
inders    These  specimens  were  stored 
under    temperature    conditions    vary- 
ing from   25°   to  90°    F.,   and  were 
tested  at  various  ages  up  to  28  das. 
Curves  are  presented  to  show  the  re- 
lation between  strength  and  age  for 
different  temperature  conditions,  and 
also    the    relation    between    strength 
and    temperature    at    different    ages. 
The  results  are  summarized  in  a  set 
of  curves  which  show  the  percentage 
strength  of  concrete  at  different  ages 
and  under  different  temperature  con- 
ditions to  that  at  an  age  of  28  das. 
and  under  a  normal  temperature  of 
70°  F. 

The  results  of  the  tests  made  un- 
der  freezing  temperature  conditions 
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Fig.  1 — Relation  of  Strength  to  Tem- 
perature AT  Various  Ages 

Fig.  2 — Percentages  of  Strength  for 
Different  Ages 


are  of  especial  interest,  showing  the 
gradual  and  slow  gain  in  strength 
under  a  storage  temperature  slightly 
below  freezing,  and  the  disintegrat- 
ing effect  of  alternate  thawing  and 
freezing  temperatures. 

The  bulletin  will  be  of  value  to 
the  contractor,  engineer  and  others 
engaged  or  interested  in  construc- 
tion work  for  information  regarding 


the  strength  which  may  be  expected 
of  ordinary  concrete  under  different 
age  and  temperature  conditions  and 
the  time  for  the  removal  of  the 
forms. 


Simplified  Reinforced  Concrete  Math- 
ematics. By  Melvin  D.  Casler, 
B.  E.,  cloth",  5"  X  71/2".  &6  pp., 
illustr.,  D.  Van  Nostrand  Co.,  N. 
Y.  C,  $1.00  net. 

This  book  seems  to  meet  the  need 
for  a  simple  concise  statement  of  the 
derivation  of  the  essential  formulas 
used  for  the  design  of  concrete  struc- 
tures and  their  application  to  prac- 
tical work  with  a  minimum  number 
of  calculations.  The  formulas  are 
derived  for  general  application  to 
beams  subjected  to  direct  longitud- 
inal stress  in  conjunction  with  trans- 
verse moment,  also  to  eccentrically 
loaded  columns  and  to  arches. 

Special  effort  has  been  made  to 
simplify  without  loss  of  accuracy. 
By  means  of  simple  charts,  one  func- 
tion of  a  member  being  given  the 
others  are  instantly  shown.  The  use 
of  the  concrete  slide  rule  is  explain- 
ed. A  general  chapter  on  practical 
design  is  by  no  means  the  least  val- 
uable feature. 


Bungalows,  Camps  and  Mountain 
Houses.  By  Wm.  P.  Comstock 
and  C.  E.  Schermerhorn.  2nd.  ed., 
revised,  cloth,  71/2"  x  10",  125 
pp.,  200  illust,  80  designs.  Wil- 
liam T.  Comstock  Co.,  N.  Y.  C, 
$2.00. 

The  book  is  a  compilation  to  which 
32  recognized  authorities  on  bunga- 
low design  have  contributed.  An  ar- 
ticle by  Mr.  Schermerhorn,  A.  A. 
I.  A.,  gives  in  condensed  form  the 
requirements  for  bungalow  planning 
and  includes  a  number  of  detail 
sketches  with  a  plate  showing  22 
typical  layouts. 

The  book  is  divided  into  three 
parts:  1 — Bungalows,  2 — Bunga- 
lows of  the  cottage  type,  3 — Camps, 
Lodges  and  Cabins.  It  is  exception- 
ally well  printed,  the  halftone  illus- 
trations being  on  heavy  plate  paper 
the  text  and  sketches  being  on  white 
antique  paper.  The  binding  is  sub- 
stantial and  attractive. 


Purchasins.  Bv  H.  B.  Twyford, 
cloth.  6"  X  9",  236  pp.,  112 "Figs., 
D.  Van  Nostrand  Co.,  N.  Y.  C, 
$3.00  net. 

The  importance  of  purchasing  is 
much  greater  than  the  available  lit- 
erature on  the  subject  would  lead 
one  to  believe.  This  book  reduces 
the  machinery  of  purchasing  to  an 
exact  science ;  it  gives,  by  means  of 
test  charts  and  forms  that  have  been 
used  by  large  buyers,  a  comprehen- 
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sive  treatment  of  buying  routine  and 
rwords. 

No  less  valuable  are  the  chapters 
on  purciiasing  principles,  functional 
position  of  purchasing,  ethics  of  buy- 
ing, the  purchasing  agent  and  the 
purciiasing  department.  In  these 
chapters  arc  discussed  the  factors 
wliich  should  govern  buying,  the 
psychological  and  personal  relations 
between  buyer  and  seller,  the  quali- 
fications of  the  buyer  and  the  organ- 
ization of  his  department. 

The  book  seems  to  cover  its  sub- 
ject in  a  comprehensive  and  interest- 
ing way. 


The    Essentials    of    Safe    Building 
Construction — Society    Advocating 
Fire  Elimination.  Cleveland,  Ohio; 
paper,  6"  x  3\'/\  8  pp. 
A  pamphlet  on  the  Essentials  of 
Safe  Building  Construction.    It  deals 
with  the  subject  with  a  view  to  elimi- 
nating hazardous  construction  meth- 
ods and  securing  more  uniformity  in 
building   codes.      It   docs    not   go   to 
such    extremes   as   to   be   unpractical 
and  is  well  worth  some  study  by  those 
intending  to  build  or  concerned  in  the 
adoption  of  building  codes. 


Detailed    Formulas    and    Directions 
for    the    Manufacture,     Use    and 
Care     of     Sanitary      Composition 
'     Products — The  Town  Supply  Co., 
Cleveland,    paper,    7%"    x    5^/4", 
26  pp.,  illust.,  price  $3.00. 
The  use  of  magnesite  or  so-called 
"composition"  floorings  has  not  been 
widespread,  largely  because  the  for- 
mulas  have  been   held  as  trade  sec- 
rets.    This  publication  gives   formu- 
las and  directions  for  the  use  of  this 
material.      The    value    of    this    book 
is   not   to   be   measured    by    its    size, 
for  while  only  a  pamphlet  it  contains 
formulas    which    have    been    sold    at 
many  times  its  price. 


The  Model  T.  Ford  Car— By  Victor 
W.  Page,  cloth,  5"  x  7".  300  pp., 
illust.  The  Norman  W.  Henley 
Publishing  Co.,  N.  Y.  C,  price 
$1.00. 

The  publishers  of  this  book  also 
issue  a  chart,  25"  x  38",  printed  on 
heavy  bond  paper,  price  25  cts.,  in- 
tended to  help  Ford  owners  and 
drivers  in  the  location  of  Ford  en- 
gine troubles. 


Masonry  as  Applied  to  Civil  Engi- 
neering —  By  F.  Noel  Taylor, 
cloth,  834"  X  5%",  230  pp.,' 212 
illust.  D.  Van  Nostrand  Co., 
price  $2.50  net. 

March,  1916 


Cement  Paste  Joint.s  for  Iron 
Pipe 

The  successful  use  of  cement 
paste  joints  for  cast  iron  water  mains 
is  described  in  Engineering  News. 
The  practice  seems  to  have  origi- 
nated in  the  water  department  of 
Long  Beach,  Cal.,  about  10  j'rs.  ago. 
Clark  Shaw,  Supt.  of  the  Long 
Beach  water  works,  says  that  the 
cement  joint  is  cheaper  than  the 
lead  joint  and  is  tighter  and  more 
permanent.  After  the  pipes  have 
been  connected  a  ring  of  dried  jute 
is  inserted  in  the  bottom  of  the  bell 
and  the  bell  filled  with  neat  cement 
paste.  It  is  essential  that  this  paste 
be  mixed  with  only  enough  water  to 
moisten  it,  but  not  enough  to  make 
it  soft.  After  the  bell  is  filled  with 
the  paste  it  is  packed  with  a  long 
calking  tool,  like  that  used  for  calk- 
ing a  lead  joint.  If  the  paste  is  of 
the  right  consistency  it  should  pack 
under  the  tool  until  it  is  almost  as 
hard  as  lead.  After  the  first  calking 
the  joint  is  refilled  with  paste,  which 
is  again  packed  solid  with  the  calk- 
ing iron.  This  is  repeated  a  third 
time.  The  joint  is  then  neatly 
rounded  off  with  a  collar  of  1  :1  ce- 
ment and  sand.  The  cement  is  al- 
lowed to  set  for  48  hrs.  before  water 
pressure  is  turned  on  the  pipe.  The 
only  lead  joints  now  being  used  in 
Long  Beach  are  those  on  pipe  which 
have  to  be  at  once  submitted  to  water 
pressure.  When  it  is  necessary 
to  take  up  pipe  it  is  found  that  the 
joint  is  more  easily  broken  than  the 
lead  joint.  A  section  of  the  cement 
on  top.  about  60°  wide,  is  chipped 
out  to  the  bottom  of  the  bell,  and  the 
joint  is  then  readily  broken.  The 
material  for  a  lead  joint  costs  about 
29  cts.  and  the  material  for  a  cement 
joint  31.2  ft*'-  This  is  with  lead  at 
51  o  cts.  per  lb.  for  a  4-in.  pipe 
joint. 


Concrete  Reservoir  Floor 
Used  for  Dancing 

The  question  of  treating  concrete 
floors  to  make  them  suitable  for 
dancing  occasionally  comes  up  and 
was  recently  discussed  in  Concrete.' 
The  city  of  Cincinnati  has  as  a  part 
of  its  waterworks  system,  a  reservoir 
of  considerable  size  known  as  the 
Eden  Park  reservoir,  which  has  re- 
cently been  re-lined  with  concrete. 
As  this  reservoir  is  not  required  for 
regular  use  but  is  held  as  a  reserve 
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supply,  it  was  recently  emptied." 

The  opportunity  which  this  af- 
forded was  taken  advantage  of  in 
connection  with  a  great  municipal 
picnic  held  upon  Labor  Day.  It  is 
said  that  about  12,000  couples  were 
dancing  at  one  time  on  the  floor  of 
this  immense  reservoir. 

It  is  interesting  to  note  in  this 
connection  that  no  special  treatment 
was  given  the  floor  for  this  purpose. 
About  14  men  were  employed  in 
cleaning  up  the  floor  for  one  day 
preceding  the  picnic.  The  water  had 
been  let  out  two  or  three  days  before, 
so  that  the  surface  was  dry.  It  is 
supposed  that  this  is  the  largest 
artificial  dancing  space  ever  utilized. 
In  this  connection  it  is  interesting  to 
note  that  Cincinnati  has  been  pro- 
viding concrete  dancing  floors  in 
various  parts  of  the  city  for  the  last 
three  years.  Concerning  this  Will- 
iam   Hodgkinson   writes : 

Ordinarily  the  floor  should  be  finished 
with  a  smooth  troweled  surface.  Out  of 
doors  the  platforms  are  blocked  in  suit- 
able size  to  overcome  the  effects  of  ex- 
pansion. 

More  often  than  not,  no  treatment  is 
piven  the  floors  but  in  some  instances 
preparations  of  paraffin  wax  are  sprink- 
led on  the  floors  and  worked  in  by  the 
dancer.  This  pives  a  very  smooth,  slip- 
pery surface,  but  we  consider  it  unne- 
cessary. 

We  have  no  complaints  concerning  the 
floors,  our  only  difficulty  being  to  supply 
the  different  communities  with  l>oth  in- 
door and  outdoor  platforms. 

Our  latest  one  is  80'  x  50'.  This  is 
in  an  open  park  with  no  cover.  A  pipe 
is  set  in  a  pipe  socket  set  in  concrete 
block,  about  2'  6"  to  3'  outside  of  the 
platform.  Into  this,  on  dance  nights,  we 
slip  another  pipe  of  about  2"  diam.  with 
a  T  on  the  top,  through  which  we  run  a 
rope  about  3'  to  3'  6"  from  the  ground. 
This  merely  answers  the  purpose  of 
keeping  crowds  back,  allowing  us  ta 
handle  them  properly. 


According  to  the  San  Diego  Union 
a  new  concrete  highway  between  El- 
sinore  and  the  San  Diego  county 
line,  which  is  a  section  of  the  state 
highway,  is  completed  and  has  just 
been  thrown  open  to  travel.  The 
completion  of  the  road  practically 
fulfills  the  state's  undertaking  to 
construct  a  highway  between  Muri- 
etta   and   Temecula. 


The  loss  of  the  German  cruiser 
Emden  forms  one  of  the  interesting 
episodes  of  the  war.  The  wrecked 
sea-raider  which  was  beached  after 
the  Australian  cruiser  Sydney  de- 
feated her  in  a  hot  running  fight, 
has  "the  gaping  holes  in  the  hull 
filled  with  reinforced  concrete."  A 
syndicate  of  Sydney  contractors  re- 
ceived permission  to  raise  and  recon- 
struct the  wreck. 

=It  is  understood  that  the  reservoir  has  not 
griven  entire  satisfaction  and  that  repair 
work  is  being  undertaken — EorroRS 

'Secy.,  Board  of  Park  Commrs.,  Cincinnati 


New  Equipment,   Methods  and  Materials  : 

New  Tools  with  Which  the  Industry  Works  □  □ 


■liMl 


4^* 


Sample  of  Rubbed  Surface  (Top)  ajjd 
Two  Brushed  Surfaces  by  New  Peo- 
CESS  IN  Stoxe  M'axufactuee 

New  Process  in  Concrete 
Stone  Manufacture 

There  was  an  exhibit,  at  the  Chi- 
cago Cement  Show  last  month,  of 
concrete  stone  involving  some  new 
manufacturing  methods.  Not  only 
were  the  products  shown  of  unusual- 
ly attractive  appearance  but  the 
methods  involved  promise  interest- 
ing development,  particularly  in 
view  of  the  low  cost  at  which  it  is 
said  to  be  possible  to  produce  a 
stone  with  good  surface  and  of  a 
character  which  should  appeal  to 
architects.  The  exhibit  was  that  of 
the   Tower  Concrete   Products   Co."^ 

The  idea  involved  is  in  the  use  of 
a  wet  facing  mixture  of  selected  ag- 
gregates, backed  up  with  a  drier 
mixture  which  is  tamped  into  the 
face  and  which  is  depended  upon  to 

'Indianapolis 


The  commercial  develop- 
ment of  machines,  tools  and 
materials,  and  the  new  methods 
tvhich  their  use  involves  have  a 
most  important  part  in  the  pro- 
gress of  the  concrete  field.  An- 
nouncements of  such  develop- 
ments, particularly  in  reference 
to  their  demonstrated  import- 
ance in  actual  practice,  are 
welcome.  The  Editors  icill 
select  for  publication  that  ma- 
terial lohich  conveys  the  infor- 
mation of  most  practical  value 
to  the  Reader,  tcithout  regard 
to  other  considerations. 


absorb  the  surplus  moisture  from  the 
face.  The  product  is  made  in  di- 
mension stone  molds  or  in  standard 
block  machines,  as  may  be  desired, 
with  a  lining  over  the  surfaces 
where  the  facing  is  to  be  applied  of 
a  heavy  paraffined  paper.  This  par- 
affined paper  lining  not  only  covers 
the  face  but  extends  vertically  in  the 
mold  to  a  point  a  little  higher  than 
the  depth  of  the  wet  facing  mixture. 
With  the  paraffined  paper  it  is  pos- 
sible to  remove  the  product  at  once 
from  the  mold  or  the  machine  as  in 
ordinary  tamped  work  and  after  a 
few  hours  of  curing  to  remove  the 
paper  from  the  products  for  surface 
treatment.  The  secret  of  success  in 
the  process,  which  is  patented,  lies 
in  the  quality  and  character  of  the 
paraffined  paper.  Paper  of  an  ordi- 
nary grade  is  apt  to  wrinkle  when 
the  wet  facing  is  applied  and  leave 
a  corrugated  surface  on  the  stone. 
The  work  of  the  Tower  Co.,  how- 
ever, is  shown  as  proof  of  the  suc- 
cess of  the  methods  which  have  been 
employed  in  a  purely  local  territory 
in  the  manufacture  of  stone  for 
some  little  time. 

The  paraffined  paper,  having  a 
very  smooth  surface,  makes  it  pos- 
sible after  curing  the  stone  to  ex- 
pose the  aggregate  in  the  facing 
with  a  minimum  of  rubbing  with 
carborundum  brick.  The  same  meth- 
od  is    used   not   onlv    for   a   rubbed 


finish  but  in  products  in  which  a 
brush  finish  is  used  to  give  a  coarser 
texture,  exposing  the  aggregate  and 
at  the  same  time  leaving  a  firm, 
dense  matrix  of  mortar  which  is 
practically  waterproof.  The  process 
is  being  developed  and  rights  of 
manufacture  will  be  sold  by  the 
Presto-Granite  Products  Co.  The 
accompanying  illustration,  showing 
three  types  of  exposed  facings,  gives 
an  idea  of  the  character  of  the  work. 


A  Spring  Sash  Balance  for 
Concrete  Buildings 

Satisfactory  window  frames  and 
devices  for  balancing  sash  in  con- 
crete buildings  have  been  something 
of  a  puzzle;  while  the  usual  type  of 
box  frame  has  been  extensively  used, 
it  is  often  felt  that  simpler  construc- 
tion should  be  available. 

The  illustration  shows  a  spring 
sash  balance^  that  has  been  in  use 
for  a  long  time  in  frame  construc- 
tion and  has  recently  attracted  at- 
tention in  connection  with  concrete 
buildings.  It  will  be  noted  that  the 
phantom  view  shows  the  balancing 
to  be  done  by  a  coiled  spring  which 
is  wound  within  a  drum  around 
which  a  metal  tape  is  wound. 

By  using  this  balance  a  plank 
frame  only  is  required  and  a  special 
housing   is    applied   to    the    back   of 


The  Pullman  Sash  Balance  and 
Special  Housing 
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the  frame  covering  the  pair  of  bal- 
ances, keeping  them  free  from  the 
concrtte. 

It  is  said  that  the  cost  of  tlie  bal- 
ance over  the  ordinary  sash  weight 
is  saved  ini  the  construction  of  the 
window  frame.  The  nduction  in  the 
amount  of  wood  required  in  frames 
and  tlie  smooth  operation  secured 
from  the  spring  balance  are  points 
in  its  favor. 


Simple  Operations  in  Making 
Silo  Staves 

Silo  staves  are  simple  units.  Good 
materials,  well  mixed,  well  placed 
and  proper!}'  cured  seem  the  only 
considerations.  The  operations  in 
making  and  setting  up  staves  with 
the  Swan^  units  are  practically  all 
shown  in  the  accompanying  illustra- 
tions. The  staves  are  30"  long, 
10%"  wide  and  a'A"  thick. 

Fig.  1  shows  the  machine  with 
pallet  on  and  the  mold  togetjier  as 
the  stave  is  being  made.  Snaps  on 
the  front  corners  hold  the  mold  to- 
gether. The  mold  and  the  frame 
are  made  of  cast  iron,  weigh  about 
200  lbs.  and  arc  intended  to  be- 
strong  enough  to  be  used  under  an 
automatic  tamper. 

Fig.  2  shows  the  mold  open  witli 
stave  on  the  pallet,  ready  to  be  car- 
ried to  the  curing  room.  When  the 
front  snaps  are  released  the  front 
of  the  mold  drops  down  on  a  hinge. 
The  back  of  the  mold  is  stationary 
on  the  frame,  but  both  sides  of  the 
mold  swing  out  sideways,  working 
on  hinges.  The  pallet  is  made  of  a 
plank,  hollowed  out  in  the  center  to 
make  the  stave  on  a  curve. 

Fig.  .S  shows  the  staves  as  they 
are  piled  up  in  the  curing  room. 

Fig.  4  shows  a  few  of  the  staves 
set  up,  showing  the  joints  as  for 
silo  construction  with  tongues  and 
grooves. 


Spouting  Equipment  for 
Small  Work 

A  new  development  in  concrete 
distribution  is  shown  at  Fig.  1.  This 
equipment  consists  of  a  portable 
track  and  skip-  provided  with  means 
for  easy  adjustment  to  meet  work- 
ing conditions  and  a  2-joint  spout- 
ing section. 

The  skip  is  operated  by  a  hoist  at- 
tached to  the  mixer  and  is  operated 
by  the  mixer  engine.  The  operation 
is  apparent,  the  concrete  being  de- 
posited from  the  mixer  in  the  skip 
and  drawn  up  the  incline,  where  it  is 

'Swan  Concrete  Stave   Silo  Co.,  Cassopolis, 
Mich. 
'Jaeger  Machine  Co.,  Columbus,  Ohio 
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lir.  The  equipment,  while  light 
enough  to  be  readily  portable,  seems 
to  be  substantial  and  promises  to 
save  much  labor  and  to  increase 
speed  on  foundations  and  other  work 
for  which  it  is  adapted. 

Simple  Mold  for  Silo  Block 

Home-made  equipment  is  apt  to 
be  much  less  desirable  from  the 
standpoint  of  convenience  and  not  so 
economical  for  continued  use,  yet 
occasions  arise  which  make  the  home- 
made devices  good  things  to  know 
about  for  emergencies  or  for  small 
jobs  not  warranting  elaborate  out- 
lay for  standard  equipment.  On 
that  basis  a  suggestion  for  making 
silo  block  for  which  this  magazine 
is  indebted  to  the  Iowa  Experiment 
Station,  is  quoted  here  as  published 
in  a  Bulletin  of  the  station. 

Tlie  illustration  shows  a  method  of 
making  concrete  silo  block  in  large  quan- 
tities without  the  use  of  expensive  forms, 
one  which  enables  a  wet  mixture  of  con- 
crete to  be  used.  TWs  scheme  of  mak- 
ing block  was  suggested  in  a  conference 


Figs.    1-4 — Makixg,  Ci-ris-g  AVn   Ekect- 
TNG  Swan  Silo  Sta\'es 

dumped  into  the  spouting  system  for 
distribution. 

The  capacity  is  said  to  be   from 
8  yds.  to  12  yds.  loose  material  per 


with   Prof.   H.   H.   Musselman,  of  Mich- 

!   Agricultural  College.     The  idea  has 

tried  out  at  the  Iowa  Station  and 

rcn  found  to  be  practical.    In  brief, 

tiic  scheme  consists  in  building  up  a  box 

form   the   depth   of  which   is   to   be   the 

height  of  the  silo  block.     A  quantity  of 

steel    division    plates    is    provided,    made 

from  No.  16  steel  plate  and  rolled  to  the 

curvature  of  the  silo.     These  plates  are 

spaced   in   the    form   by   nailing  wooden 

blocks  to  the  sides  of  the  form. 

If  4-in.  weather  boarding  or  lap  siding 
is  used,  the  radial  cut  for  the  ends  of 
the  block  will  be  provided  and  the  divid- 
ing plates  spaced  4"  apart  for  4-in.  block. 
The  dividing  plates  are  covered  with 
heavy  wrapping  paper  and  placed  in  the 


The  J.\eger  Spoutixg  Plant 
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form.  The  form  is  then  filled  with  a 
wet  mixture  of  concrete.  The  paper, 
where  it  laps  over  the  top  of  the  divid- 
ing plates,  is  then  cut  open  with  a  knife 
and  the  dividing  plates  withdrawn  and 
immediately  used  again. 

Several  hundred  block  may  be  made  in 
a  day  by  this  method  and  the  outlay  for 
forms  is  reduced  to  a  few  dollars. 


A  Radical  Change 
in  Expansion 
Bolt  Construction 

An  expansion  bolt 
shield'  in  a  single  unit 
is  being  placed  on  the 
market.  The  screw 
enters  the  shield  cen- 
trally and  emerges  at 
the  side,  the  screw  be- 
ing forced  directly 
against  the  side  of  the 
hole  and  giving  a  very 
powerful  expansion. 


Face  Plates  to  Make  Block 
Like  Brick  Work 

The  feature  of  a  new  face  plate, = 
adapted  for  use  with  various  block 
machines,  is  to  enable  manufactur- 
ers when  their  trade  demands  to  pro- 
duce block  so  scored  as  to  give  the 
appearance,  when  laid  up,  of  a  brick 
wall.  The  success  of  tlie  deception 
will  depend  a  great  deal  upon  the 
care  taken  in  laying  the  block  so 
that  the  real  mortar  joints  will  be 
even  to  correspond  with  imitation 
joints  in  the  face  of  the  block. 
The  producers  of  the  plates  also 
make  a  face-down  block  machine  to 
which  the  special  plates  are  partic- 
ularly adapted. 


A  Simple  JNIethod  of  Grading 

Ago'vegate 

While  much  attention  is  being 
given  to  the  study  of  aggregates  by 
experts,  any  method  that  will  help 
the  man  in  the  field  to  judge,  at  least 
approximateh',  the  best  mixture,  is 
valuable. 

Prof.  A.  B.  McDanieP  suggests 
the  following: 

First,  pass  the  gravel  twice  over  a 
'A-in.  mesh  screen  to  separate  the  sand 
and  gravel  or  lesser  and  coarser  aggre- 
gate. Then  secure  a  stout  cylinder  such 
as  a  tile  or  section  of  pipe  having  a 
diameter  of  about  12"  and  a  depth  of 
from  12"  to  18".  Weigh  out  1  unit  of 
cement,  3  units  of  .sand  and  4  units  of 
gravel,  being  careful  to  have  the  whole 
mixture  less  than  enough  to  fill  the  cyl- 

"Diamond  Expansion  Bolt  Co.,  N.  Y.  C. 
=^N'ew  Departure  Mfj;.  Co..  Inriianapolis 
'University  of  Illinois,   Urban.i.  III. 


inder.  With  a  cylinder  of  the  size  stated 
above,  15  lbs.  of  cement,  30  lbs.  of  sand 
and  60  lbs.  of  gravel  would  give  suitable 
quantities.  Mix  the  materials  together 
and  then  add  about  10%  of  water,  to 
make  a  concrete  of  about  normal  con- 
sistency. Tamp  the  concrete  into  the 
mold,  leaving  the  upper  surface  smooth 
and  horizontal,  and  then  measure  the 
distance  of  the  upper  surface  of  the 
concrete  from  the  top  of  the  cylinder. 
Dump  out  the  concrete  and  clean  the 
cylinder  and  the  tools.  Using  the  same 
amount  of  cement,  but  different  propor- 
tions and  amounts  of  sand  and  gravel, 
make  up  other  batches  into  the  cylinder 
in  the  same  way.  Tamp  each  batch  into 
the  cylinder  in  the  same  way  and  measure 
tlie  depth  of  concrete  as  described  for 
tlie  first  case.  Several  trials  can  be 
made  and  the  proportions  determined 
Ihat  give  the  least  depth  of  material  in 
tlie  cvlinder. 


Shrinkage  of  Reinforced 
Concrete 

F.  R.  McMillan,  of  the  University 
of  Minnesota,  has  been  making  a 
number  of  tests  to  determine  the 
shrinkage  and  time  effects  in  rein- 
forced concrete.  According  to  a 
summary  of  his  paper  by  A.  A. 
Klein,  jmblished  in  Chemical  Ab- 
stracts, the  following  results  were 
obtained : 

Beams  tested  were  5%"  deep,  30"  wide 
and  13'  long  between  supports.  Con- 
crete consisted  of  100  lbs.  cement,  3 
cu.  ft.  sand,  4  cu.  ft.  stone,  hand  mixed. 
Results  show  that  shrinkage  of  %"  to  1" 
in  100'  can  be  predicted  when  concrete 
is  exposed  to  the  ordinary  dry  air  of  a 
heated  building.  Changes  in  moisture 
content  will  retard  shrinkage  and  even 
cause  swelling.  The  yielding  of  concrete 
under  compressive  stress  with  time  is 
greater  as  the  unit  stress  is  greater  and 
goes  on  indefinitely.  The  deformation 
was  found  to  be  3-5  times  that  produced 
immediately  upon  application  of  load. 
The  time  yielding  mider  stress  combined 
with  shortening  due  to  shrinkage  may 
result  in  deformations  15-30  times  those 
expected   from  calculations. 


Small  ]Mixei's  Prove  Econom- 
ical on  Large  Work 

The  growing  use  of  tower  and 
spouting  sj'stems  having  a  central- 
ized concrete  plant  sometimes  results 
in  a  tendency  to  overlook  conditions 
in  which  a  less  expensive  construc- 
tion plant  would  prove  economical. 
This  condition  is  illustrated  by  the 
construction  methods  used  in  the 
basement  of  the  Methodist  Book  Co. 
building  in  Chicago.  The  founda- 
tions of  this  building  are  designed 
to  carry  four  stories  and  to  accom- 
modate printing  presses.  A  base- 
ment 12'  6"  below  sidewalk  level  is 
provided. 

Pier  footings,  which  are  on  con- 
crete piles,  are  9'  x  9'  at  the  base. 
Basement  walls  are  approximately 
13'  6"  high  and  the  building  is  12.t' 
X  125'.  The  fact  that  this  building 
is   located   on   a   corner   and   adjoins 


an  alley,  permitting  operations  to  be 
conducted  on  three  sides  of  the 
structure,  suggested  the  use  of  small 
portable  mixers,  two  of  which  were 
used.^  As  concrete  could  be  spouted 
from  these  mi.xers  a  considerable 
distance  by  moving  them  occasion- 
ally all  the  concrete  in  the  retaining 
walls  on  the  two  streets  and  alley 
sides  and  a  considerable  part  of  the 
concrete  on  the  inner  retaining  wall 
were  spouted  directly  into  the  forms. 
The  depth  of  the  basement  was  such 
that  two  rows  of  pier  footings  could 
also  be  spouted  directly  from  the 
mixers.  Two  rows  of  pier  footings 
were  thus  constructed  on  three  sides 
of  the  building  and  the  remaining 
pier  footings  were  poured  by  the 
use  of  concrete  carts  which  received 
the  concrete  from  bins  into  which  it 
had  been  spouted.  Very  little  ma- 
terial was  carted  more  than  50'. 


Architectural    Ornament    In 

Reinforced  Concrete 

Buildings 

Architectural  ornament  is  dis- 
cussed by  Frank  H.  Heaven  in  an 
article  in  Concrete  and  Construction- 
al Engineering,  England,  on  "The 
Effect  of  Reinforced  Concrete  Upon 
Architectural   Design."     He   says: 

It  may  be  thought,  perhaps,  that  rein- 
forced concrete  can  have  little  or  no  in- 
fluence upon  the  architectural  ornament 
of  a  building,  but  its  employment  might 
greatly  add  to  the  grace  of  our  build- 
ing by  producing  a  greater  degree  of 
light  and  shade  upon  elevational  design 
by  giving  a  large  projection  to  strings, 
cornices,  etc.  The  limits  of  stone  or 
other  granular  material  when  in  pro- 
jection are  well  known,  hut  ornamental 
reinforced  concrete  work  could  be  em- 
ployed to  advantage  where  other  mate- 
rials fail.  The  Greek  temples  of  old 
owe  a  great  deal  of  their  charm  to  the 
effects  of  light  and  shade  cast  by  their 
projections.  The  sun,  however,  does  not 
treat  all  lands  alike.  In  southern  Italy 
the  proportioned  cornice  of  the  Orders 
produced  the  desired  effect  by  reason 
of  tlie  high  altitude  of  the  sun,  but  the 
use  of  the  same  projection  in  England 
has  an  altogether  different  effect,  due 
to  the  lower  angle  at  which  the  light 
from  the  sun  can  produce  shadows. 
Many  of  our  monumental  buildings,  for 
that  very  reason,  are  almost  shadowless. 
The  architects  of  the  Renaissance  in 
Xorthern  Italy  recognized  this  fact 
and  crowned  their  Palazzi  with  great 
overhanging  cornices.  The  Americans, 
too,  have  seen  the  necessity  for  a  deep 
shadow  to  give  repose  to  their  large 
scale  buildings  and  obtain  the  same 
by  the  use  of  zinc  or  iron  cornices  of 
great  projection,  painted  to  imitate  the 
material  in  which  they  are  working. 
The  use  of  reinforced  concrete  in  dec- 
orative cornices  would  be  legitimate 
construction  if  we  recognize  the  mate- 
rial and  give  the  member  its  true  value 
in  relation  to  the  whole  design,  and  the 
deeper  shadow  cast  by  greater  projec- 
tions on  our  building  would  be  appre- 
ciated. 

^Standard  Scale  &  Supply  Co.,  Chicago 
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The  SUtl  Market  and  Conerete  Constnie- 
tion 

'T'lIK  so.iriiii;  price  of  steel  is  affecting  the  con- 
crete industry  from  numerous  angles.  The 
high  price  and  the  impossibility  of  securing  struc- 
tural steel  are  turning  the  attention  of  many  de- 
signers to  reinforced  concrete  for  relief.  Tiiis  is 
particularly  true  in  the  case  of  long  girders  and 
roof  trusses. 

Reinforcing  bars  have  advanced  sharply  and, 
while  some  manufacturers  of  fabricated  reinforce- 
ment are  having  difficulty  in  securing  sufficient  sup- 
plies to  care  for  their  demands,  others  report  their 
ability  to  make  prompt  deliveries  where  traffic  con- 
ditions permit. 

Wire  reinforcement  and  expanded  metal  are 
naturally  advancing  in  sympathy  with  the  advance 
of  raw  material,  with  prospects  of  further  increase. 
Deliveries  are  reported  as  being  fairly  prompt  at 
the  present  time. 

A.  I.  Findley,  editor  of  The  Iron  Age,  writes 
Concrete: 

Architects  liave  reported  recently  an  increasing  num- 
ber of  their  clients  who  have  abandoned  building  pro- 
jects requiring  structural  steel  or  are  attempting  to 
work  out  designs  in  reinforced  concrete,  yet  there  is  a 
good  volume  of  structural  steel  work  before  the  trade. 
Railroad  bridge  work  has  been  of  more  consequence 
lately  and  there  is  an  unusual  amount  of  industrial  con- 
struction. The  steel  companies  in  particular  are  build- 
ing considerable  additions  and  this  is  true  in  various 
lines  of  manufacture  for  which  rolled  steel  is  the  raw 
material.  There  has  been  an  exceptional  demand  for 
bars  for  reinforcing  purposes  and  the  turning  of  S" 
much  mild  steel  into  war  channels  has  increased  the  call 
for  high  carl>on  bars  for  reinforcing.  In  a  number  of 
cases  bars  rolled  from  rails  have  been  accepted  for  work 
usually  let  under  soft  steel  specifications.  The  fabri- 
cating works  are  having  difficulty  in  getting  full  ship- 
ments under  their  contracts  and  in  some  cases  are  hav- 
ing to  eke  out  by  paying  stiflf  prices  for  shapes  from 
warehouse  stocks.  Whatever  the  number  of  building 
projects  put  aside  on  account  of  high  cost  of  steel,  such 
action  has  made  no  impression  on  prices.  The  tendency 
is  still  upward  where  early  deliveries  are  involved,  and 
from  present  indications  it  will  be  a  good  many  months 
before  high  prices  will  cause  any  loosening  up  in  the 
situation  at  structural  mills. 

The  condition  of  the  steel  market  is  reflected  in 
equipment.  A  number  of  mixer  manufacturers 
have  found  it  necessary  to  advance  prices  and  un- 


doubtedly other  advances  will  follow.  While  a 
good  proportion  of  mixer  manufacturers  state  their 
ability  to  deliver  promjjtly  at  the  present  time  there 
is  every  reason  to  believe  that  late  mixer  buyers 
will  have  trouble  in  securing  delivery. 

Lea<;iie  to  Contest  Septie  Tank  Royalty 
Claini.s 

V  X  organization  known  as  the  National  Septic 
Process  Protective  League  was  formed  at  Des 
Moines,  la..  Mar.  It,  I916.  The  object  of  the 
League  is  to  defend  all  suits  against  its  members 
for  alleged  infringement  of  septic  tank  patents. 
The  Cameron  Septic  Tank  Co.,  Chicago,  claims  to 
hold  patents  on  which  it  is  endeavoring  to  collect 
royalties  from  municipalities  and  others  employing 
the  septic  process. 

It  is  believed  by  the  members  of  the  League, 
backed  by  the  opinion  of  competent  counsel,  that 
the  Cameron  patent  has  expired  and  that  the  claims 
of  that  company  are  excessive  and  unjust. 

Membership  in  the  League  is  unlimited  and  open 
to  municipalities,  companies,  corporations,  institu- 
tions and  private  individuals  interested  in  sewage 
disposal.  Assessment  will  be  levied  according  to 
poinilation  served  by  the  system  involved,  as  fol- 
lows : 

Less  than  2,000  population $10.00 

2,000  to     5,000  population 15.00 

.'i.OOO  to  10,000  population 20.00 

10.000  to  20.000  population 25.00 

20.000  to    50,000  population 30.00 

Over   50,000    population 35.00 

The  funds  raised  by  these  assessments  will  be 
used  to  engage  competent  counsel  and  an  endeavor 
will  be  made  to  enforce  a  prompt  decision  of  tlie 
matter  in  the  highest  courts. 

As  the  claims  of  the  Cameron  company  include 
not  only  what  is  known  as  the  septic  tank,  but  ex- 
tend to  those  systems  which  reduce  the  solids  by 
putrefaction,  known  as  sedimentation  or  settling 
tanks,  and  also  the  ImhofF  tanks,  and  as  the  roy- 
alty demanded  is  2%  per  annum  on  original  cost 
of  complete  plant  and  additions,  the  importance 
of  a  definite  decision  of  these  claims  is  readily 
seen. 

Officers  were  elected  as  follows:  H.  M.  Brack- 
en,^   Pres.;   Elliott  Klmberley,   Vice-Pres.;   C.   F. 

iSecy.  of  the  Minn.  State  Board  of  Health.  Minneapolis 
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Pierce,-  Secy,  and  Treas.  The  Ex- 
ecutive Committee  consists  of  C.  A. 
Haskins,  Kans. ;  Paul  Hanson,  111. ; 
Lafayette  Higgins,  la.;  A.  Marston, 
la.,  acting  with  the  officers  of  the 
League.  A  Board  of  Directors  con- 
sisting of  two  members  from  the 
states  of  Iowa,  Kansas,  Ohio,  Illi- 
nois, California  and  Minnesota  was 
also  chosen  and  the  secretary  was 
instructed  to  complete  the  list  of  di- 
rectors for  other  states. 


Government  Aid  to  Industry 

'T'  HE  National  Physical  Labora- 
tory,  in  London,  through  its  en- 
gineering department,  is  doing  great 
work  in  the  way  of  research  in  con- 
nection with  the  strength  of  cement 
and  other  building  materials.  Strange 
to  say,  the  great  work  of  this  impor- 
tant laboratory  does  not  seem  to  be 
thoroughly  appreciated  in  England 
and  recently  considerable  effort  has 
been  made  to  obtain  an  enlargement 
of  the  appropriation  for  the  work  in 
question.  In  commenting  upon  the 
value  of  the  research  work,  one  of 
the  English  engineering  papers,  re- 
ferring to  the  application  made  to 
the  Government  on  behalf  of  the 
National  Physical  Laboratory,  says 
that  the  "Germans  have  possibly  re- 
alized more  fullv  than  any  other  na- 
tion the  necessity  of  assisting  their 
industries  by  scientific  experiments, 
and  they  rightly  consider  that  no  im- 
portant improvements  in  an}^  indus- 
trial process  can  be  expected  until 
after  exhaustive  scientific  research 
has  been  undertaken.  America  has 
also  been  advanced  in  this  respect 
and  the  Bureau  of  Standards  at 
Washington  receives  an  annual  grant 
of  $.500,000  from  the  Government 
and  again  in  France  they  are  ad- 
vanced far  beyond  Great  Britain  as 
regards  research  work."  The  writer 
is  entirely  correct  in  his  statement 
and  were  it  not  for  the  fact  that  the 
cement  industry  in  England  is  a 
compact  organization,  practically  all 
imder  one  head,  the  reputation  of 
English  cement  would  not  have  pro- 
gressed as  it  has  in  late  years.  It 
was  due  to  the  scientific  research  and 
the  wonderful  work  of  such  men  as 
Michaelis.  Dyckerhoif.  .Schott  and 
others  that  the  art  of  Portland  ce- 
ment manufacture  made  such  re- 
markable progress  in  Germany,  and 
the  development  and  proper  support 
of  the  National  Physical  Laboratory 
in  England  will  have  a  two-fold  ef- 
fect of  improving  the  condition  of 
the  cement  industry  and  widening 
the  field  of  concrete  development. 
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Cheap  Block 

T^  VERY  little  while  a  strong  argu- 
-^  ment  develops  in  favor  of  much 
more  rigid  building  regulations  in  re- 
gard to  the  manufacture  and  use  of 
concrete  block.  It  very  frequently 
happens  that  loose  regulations  actu- 
ally work  a  hardship  upon  concrete 
block  manufacturers.  Recently,  a 
manufacturer  who  has  the  upbuild- 
ing of  the  industry  strongly  at  heart 
made  the  statement  that  the  curse  of 
the  block  business  is  the  speculative 
builder  who  puts  up  cheap  houses  to 
sell  quickly,  with  no  special  interest 
in  the  quality  and  lasting  value  of 
the  job.  He  calls  on  the  block  men 
and  wants  block  for  a  foundation 
wall,  and  frequently  expresses  him- 
self as  not  caring  a  hoot  about  the 
quality  of  the  product — he  wants  the 
cheapest  unit  that  is  made  with 
which  a  wall  can  be  laid  up.  This 
sort  of  business  develops  ruinous 
competition  which  so  lowers  the  qual- 
ity of  products  in  a  community  as  to 
injure  the  industry  in  its  future 
growth,  because  it  is  inevitable  that 
poor  jobs  built  up  with  the  cheapest 
units  that  can  be  made  will  ultimate- 
ly come  to  haunt  the  manufacturer 
who  is  trying  to  sell  his  quality 
products  in  the  face  of  early  failure. 

Concrete  Aggregates 

'T^  HE  third  article  in  the  series  on 
"Concrete  Aggregates"  by  Will- 
iam M.  Kinney  and  Duff  A.  Abrams, 
does  not  appear  in  this  issue,  as  an- 
nounced. The  lapse  is  very  much 
regretted.  Extensive  revision  of  the 
manuscript  by  the  authors,  so  that 
it  may  include  data  recently  accumu- 
lated in  extensive  tests,  makes  the 
delay  unavoidable,  and  it  is  to  be 
hoped  that  readers  will  be  patient 
with  this  month's  omission,  in  view 
of  the  additional  value  of  the  article 
which  postponement  of  publication 
makes  it  possible  to  put  into  it. 

Concrete  Roofing  Tile 

'y  HE  manufacturer  of  concrete 
*^  roofing  tile  has  not  been  an  im- 
portant factor  in  the  concrete  field 
and  it  wa.s-  therefore  a  very  interest- 
ing development  to  find  at  the  recent 
show  in  Chicago  that  this  particular 
unit  in  the  concrete  field  shows 
strong  evidence  of  "coming  back." 
There  is  good  reason  to  believe  that 
it  is  re-establishing  itself  on  a  new 
basis.  The  idea  now  is  not  to  sell  a 
concrete  roofing  tile  machine  to  a 
small  operator  but  to  sell  a  dozen 
machines  or  more  for  an  extensive 
plant,  a  plant  which  will  be  operated 
day  in  and  day  out  the  year  through 


with  modern  manufacturing  meth- 
ods. Large  continuous  output  is 
necessary  for  any  signal  success 
with  such  small  units  and  the  manu- 
facturing end  of  the  business  must 
be  coupled  up  to  efficient  sales 
methods. 

Water  in  the  INIixer 

'T'  HE  time  of  introducing  water 
into  the  mixer  received  consid- 
erable discussion  by  visitors  at  mixer 
exhibits.  Present  practice  seems  to 
be  to  introduce  at  least  a  part  of  the 
water  before  the  cement  and  aggre- 
gates are  delivered  to  the  drum,  care 
being  taken  to  have  the  cement  cov- 
ered by  the  aggregate  in  the  skip. 

This  method  results  in  a  quicker 
mix  and  where  this  procedure  is  fol- 
lowed the  mixer  drum  will  be  found 
to  keep  itself  clean,  so  that  in  some 
cases  better  mixing  will  result. 


Various  tests  show  the  adhesive 
strength  of  concrete  to  steel  rods  to 
be  from  700  lbs.  per  sq.  in.  down ; 
'250  lbs.  is  about  the  average  and 
should  be  used  with  a  safetj'  factor. 


Do  not  fail  to  wet  old  concrete 
thoroughly  before  attempting  to  join 
new  work  to  it. 
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The  Construction  of  an  Open  Air  Concrete 
Swimming  Pool  in  the  Canadian  Rockies 
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The  first  unit  of  wliat  will  ulti- 
mately be  one  of  the  l/irgcst  open 
-Tir  swimminp  pools  in  Xortii  Amer- 
ica has  been  put  into  operation  by 
the  National  Parks  Commission  of 
the  Dominion  of  Canada  at  Banff 
Springs,  one  of  the  mountain  resorts 
of  the  Canadian  Rockies  in  tlie  prov- 
ince of  Alberta.  The  pool  and  the 
dressing  rooms  combine  several 
unique  features  of  design  and  con- 
tstruction,  and  are  located  on  the  side 
of  Sulphur  Mountain,  4,;")".")'  above 
sea  level,  overlookingr  the  Bow  River 
Valley.  For  some  years  bathing  has 
lieen  conducted  in  a  natural  basin  in 
the  hillside,  formed  by  the  overflow 
■of  one  of  the  many  hot  sulphur 
springs  of  the  vicinity,  a  feature  of 
the  pool  being  the  cave  with  its  nat- 
ural opening  only  into  the  basin,  the 
■whole  being  well  known  as  the  "Cave 
nnd  Basin."  The  new  development 
■contemplates  eventually  covering 
over  the  Basin  by  an  open  belvedere 
30'  in  diam.,  forming  the  central 
features  of  two  flanking  outdoor 
swimming  pools  terminated  with 
double  belvederes  as  shown  by  the 
illustrations. 

The  pool  which  is  described  has  a 
length  of  150',  and  is  3.5'  wide,  built 
on  a  bench  excavated  in  the  moun- 
tain side.  The  bath  house  contain- 
ing the  dressing  rooms  lies  between 
the  swimming  pool  and  the  high 
liank.  and  acts  as  a  retaining  wall. 
At  one  end  there  are  two  belvederes 
37'  in  diameter,  in  use  as  rest  room 
and  office.  The  entire  surrounding 
area  is  saturated  with  sulphur  water, 
and  the  problem  of  retaining  the  ex- 
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cavated  bench  was  complicated  by 
the  nature  of  the  foundations  for  the 
retaining  wall. 

The  bath  house  is  designed  as  a 
hollow  retaining  structure,  the  pres- 
sures on  the  rear  wall  in  contact  with 
the  saturated  earth  being  partially 
transferred  to  the  front  of  the  struc- 
ture by  means  of  six  reinforced  con- 
crete arches  (see  Fig.  2).  The  en- 
tire structure  is  founded  on  .300 
piles,  driven  in  clusters.  Excavation 
was  carried  out  in  the  winter  time, 
as  the  moisture  in  the  bank  would 
freeze  upon  exposure  to  maintain  its 
position,  yet  the  interior  tempera- 
tures from  the  hot  sulphur  water 
would  not  permit  the  freezing  action 
to  extend  far  enough  to  make  the 
cost  of  removal  prohibitive.  When 
thoroughly  dry,  this  earth  became 
partially  solidified  in  the  vertical 
f;ice,  so  that  no  difficulty  was  experi- 
enced    during     actual     construction. 


However,  a  bed  of  quicksand  just 
below  the  foundations  prevented  any 
increase  in  the  loading  of  the  piling. 
Approxjimately  1,700  cu.  yds.  of 
semi-rock  were  removed. 

IIKT.MXIXG    WALL    CONSTRUCTIOX 

The  principal  feature  of  the  struc- 
tural design  is  the  method  of  retain- 
ing the  rear  wall  of  earth  against 
which  the  structure  is  set.  This  wall 
has  a  total  height  of  '10',  and  con- 
sists of  two  reinforced  concrete 
slabs,  the  upper  half  being  designed 
as  a  vertical  slab  carried  by  the  roof 
beams  at  the  top  and  by  a  horizontal 
beam  at  the  bottom;  the  lower  half 
carried  as  a  horizontal  slab  between 
columns  which  support  the  upper 
construction.  The  beams  at  the  mid- 
dle of  the  wall  were  then  designed 
for  bending  moments  in  a  horizontal 
|)lane  to  carry  the  reaction  of  the 
wall  pressures,  and  in  a  vertical 
plane  to  carry  the  weight  of  the  slab 
and  the  beam.  There  are  six  arch 
rings  springing  from  the  columns  in 
this  wall,  each  !i6"  wide,  and  21" 
thick  at  the  crown,  reinforced  with 
six  ll/i"'"-  ^1-  rods.  These  arches 
are  carried  into  the  foundations  at 
the  front  of  the  bath  house  by  but- 
tressed piers  supported  on  pile  clus- 
ters. Over  the  arches  there  are 
12-in.  walls,  supporting  the  skeleton 
beams  for  the  prism  lights  in  the 
roof. 

In    order   to   mask   the    front   wall 
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Fig.  -2 — Swimming  Pool.  Showixg  Terraced  Retaixing  Wall 
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Fig.  3 — Diagram,  Showixg  Arraxgemext  of  Pools 


Fig.  i — Sectiox  Through  Terrace,  Shohixg  Method  ok  Retaixixg   Baxk 


construction,  galleries  are  formed 
over  the  buttress  piers  and  over  the 
haunches  of  the  arches,  and  these, 
with  the  roof,  are  used  by  spectators. 
Fig.  4.  The  roof  is  flat  and  lights 
the  interior  of  the  bath  house 
through  prism  lights  and  diffuser 
sash  below.  Access  to  the  roof  and 
the  galleries  is  had  by  means  of  an 
outside  stairway  formed  on  the 
ground  at  the  end  of  the  belvederes. 
The  pool  has  a  minimum  depth  of 
3'  at  one  end.  and  a  maximum  depth 
of  8'  at  the  other,  and  is  formed  by 
light  reinforced  concrete  retaining 
walls  around  the  sides,  with  concrete 


floor  on  earth.  The  concrete  walls 
and  floor  are  waterproofed  by  a 
membrane  consisting  of  5-ply  felt 
and  tar,  and  the  entire  pool  was  then 
lined  with  white  enameled  brick,  with 
terra  cotta  scum  trough  throughout 
the  perimeter.  Outside  the  pool 
there  is  an  arcade,  consisting  of 
seven  concrete  arches,  tilled  witli 
plate  glass  windows,  acting  as  a  wind 
shield  for  the  swimming  pool.  At 
the  end  there  is  an  elliptical  arch 
connecting  the  two  belvederes,  upon 
which  are  two  diving  blocks  and 
chutes,  reached  by  a  free  winding 
stair  from  the  pool  level.     The  bath 


house  is  137'  long,  27'  wide,  and 
contains  132  individual  dressing 
boxes,  together  with  the  necessary 
toilets.  The  enclosed  areas  are  heat- 
ed by  steam,  and  lighted  bv  elec- 
tricity. 

SURFACE    TREATMENT 

Aside  from  the  structural  design, 
the  principal  interest  lies  in  the 
treatment  of  the  exterior  surfaces. 
The  wall  surfaces  are  veneered  with 
thin  blue  limestone  stretchers  backed 
with  concrete,  and  the  piers  and  de- 


7i  A.   ^-^2 


Fig.  5 — Detail  of  Arch  at  Exd  of  Pool 
{HS-\ 


fieoof-ns. 


Fig.  6 — Detail  of  Scum  Trough 


tails  are  all  smooth  concrete  surfaces. 
The  limestone  is  quarried  within 
sight  of  the  swimming  pool,  and 
readily  split  into  pieces  2"  to  5" 
thick,  which,  when  laid  up  with  deep 
raked  joints  %"  wide,  gave  a  excel- 
lent texture  to  the  walls.  The  stone 
work  was  laid  in  dry  mortar  against 
latticed  forms  which  assured  true 
vertical  surfaces,  and  was  then 
backed  with  concrete  in  the  usual 
way,  the  stones  forming  one  side  of 
the  mold  and  ordinary  wooden  forms 
the  other.  Cast  concrete  ornament 
was  used  on  this  work,  the  surfaces 
being  brushed  with  cement  mortar 
and  carpet-floated  after  erection. 
The  use  of  red  Welsh  quarry  tile 
with  cement  border  for  all  exterior 
floors  added  a  touch  of  warm  color 
to  the  otherwise  cold  concrete  and 
limestone. 

There  are  about  750  cu.  yds.  of 
mass  concrete  in  the  structure,  and 
1 ,350  cu.  yds.  of  reinforced  con- 
crete. The  concrete  work  was  very 
expensive,  both  on  account  of  the 
large  area  of  the  structure,  and  also 
because  of  its  isolated  location.  The 
matter  of  hauling  was  a  large  item, 
as  all  transportation  from  the  rail- 
road, about  two  miles,  had  to  be  done 
by  teams.  Gravel  was  taken  from 
the  Bow  River  in  front  of  the  struc- 
ture and  was  the  only  cheap  material 
entering  into  the  construction.  The 
small  quantities  involved  made  cheap 
buying  diflicult,  so  that  most  mate- 
rials were  freighted  from  Calgary  or 
Winnipeg,  the  nearest  local  markets. 
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Cement  was  purchased  from  the 
Canada  Cement  Co.,  Ltd.,  at  its 
Exshaw  Mill  near  Banfl",  but  cost 
about  $3.;)0  per  bbl.  in  the  forms. 
Lumber  for  forms  was  also  expen- 
sive, as  most  of  it  could  be  used  but 
twice  at  the  outside.  Plant  for  con- 
crete work  was  doubly  expensive,  due 
to  freiffht  and  teaming  both  ways 
from  Calgary.  The  wage  schedule 
on  Government  work  increased  the 
cost  over  the  usual  contractors'  esti- 
mates, so  that  the  total  cost  for  a  cu. 
yd.  of  concrete  in  one  of  the  arches 
was  estimated  at  close  to  $30,  includ- 
ing the  reinforcing  steel. 

The  cost  of  the  pile  foundations, 
including  excavation,  was  about 
.$IO,(K)0;  the  cost  of  the  contr.ict 
work,  performed  by  W'orswiek  IJros., 
Winnipeg,  was  above  $100,000.  The 
architect  was  W.  S.  Painter.  Banff, 
formerlv  architect  for  the  C.   P.   R. 


Effect    of    Salt    Water    on 
Brick.  Mortar  and  Concrete 

The  eft'ect  of  salt  water  upon  con- 
crete is  ancient  history  ami  many 
have  been  the  investigations  con- 
ducted along  this  line.  A  queer  case 
of  parallelism  in  this  field  is  told  in 
the  Aiinali  Chimia  Applicata  A 
warehouse  in  Turin  Italy,  liad  been 
used  for  more  than  40  years  for  the 
(liekling  of  anchovies  in  brine  and 
for  tlie  storage  of  barrels  of  pre- 
served fish.  Recently  one  of  the 
vaults  collapsed.  Upon  investigation 
the  collapse  was  found  to  be  due  to 
the  effect  of  the  prolonged  infiltra- 
tion of  the  brine  on  the  mortar  and 
brickwork.  The  affected  mortar  and 
brickwork  were  found  to  be  soft, 
and  upon  chemical  investigation 
were  found  to  contain  considerable 
([uantities  of  chlorides  and  organic 
matter,  viz.,  up  to  .").2.")%  (cilculated 
as  sodium  chloride)  and  8.,'i60;  ,  re- 
spectively, referred  to  the  dry  ma- 
terial. This  is  an  interesting  fact, 
showing  the  analogy  in  the  behavior 
of  concrete  in  almost  all  conditions 
when  exposed  to  the  effects  of  salt 
water.  The  wave  action  which,  ac- 
cording to  many  authors,  is  respon- 
sible for  the  disintegration  of  con- 
crete in  salt  water,  does  not  appear 
to  have  been  present  in  the  case 
above  described  and  it  is  possibly 
due  to  this  fact  that  the  disintegra- 
tion occurred  after  a  much  longer 
period  than  where  the  mortar,  im- 
properly prepared,  is  exposed  to  the 
continued  action  of  sea  water  rein- 
forced by  wave  power. 


Kio.   1— Gkxkhai.  View  ok  Swim.mixc   Pool  ano  Hath   Hovses 
l""iG.  2 — Section-  at  Deep  Kxu  of  Pool 


Construction  of  a  Concrete  Swimming 
Pool  at  Pendleton,  Ore. 

Bv  I..  R.  W.  Ar-Lisox' 


The  concrete  silo  is  finding  a  new 
application  as  an  economical  storage 
unit  for  sand  and  gravel,  coal,  cin- 
ders and  other  bulk  material. 

April,  1916 


A  recentlv  constructed  concrete 
natatorium  at  Pendleton.  Ore.,  is  an 
outdoor  structure  of  reinforced  con- 
crete with  frame  bath  houses  and 
shelters. 

The  pool  is  ;)0'  x  100'.  with  a 
depth  varying  from  2'  6"  to  8'  6". 
The  floor  is  reinforced  with  %-in. 
steel  rods,  6"  o.  c.  in  both  directions. 
The  wall  reinforcing  is  clearly  indi- 
cated in  Fig.  2. 

The  heavv  reinforcement  was  ne- 
cessitated by  the  pervious  nature  of 
the  soil,  which  in  excavation  and 
construction  work  caused  difficulty 
and  interference  by  seepage  water 
from  the  L^matilla  river,  a  short  dis- 
tance from  the  north  side  of  the 
pool.  In  periods  of  freshet  the  river 
level  is  higher  than  the  pool,  mak- 
ing reinforcement  against  outside 
pressure  necessary.  Flooding  is  pre- 
vented by  a  levee. 

The  edge  of  the  pool  is  finished 
with  a  terra  cotta  life  rail  and  scum 
trough,  backed  witli  concrete.  The 
walls  are  plastered  1  o"  thick  with 
1  :2   cement  mortar.      The    floor   was 
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given  a  -''(-in.  finish  coat.  White 
cement  and  sand  can  be  employed 
to  advantage  for  this  purpose,  mak- 
ing an  inexpensive  but  sanitary  and 
attractive  finish. 

The  water  supply  is  obtained  from 
the  city  system  arranged  to  fill  the 
basin  from  either  the  pressure  mains 
or  the  overflow  from  the  water  stor- 
age reservoirs.  The  latter,  afford- 
ing great  economy,  provides  sufli- 
cient  service  except  in  times  of 
maximum  consumption.  Special  con- 
sideration is  now  being  given  to 
warming  the  water  to  a  proper  bath- 
ing temperature  at  all  times,  extend- 
ing the  months  of  use. 

The  natatorium  buildings  (Fig.  1) 
consist  of  a  central  entrance  shelter 
and  two  bath-houses,  one  at  either 
end  of  the  pool,  provided  with  208 
lockers  and  toilet  rooms.  Plans  for 
extension  include  a  covered  grand- 
stand for  spectators  and  a  shallow 
wading  pool   for  younger  children. 


This  structure  represents  an  in- 
vestment of  .$10,700.  about  10%  in 
excess  of  the  original   estimate,  due 
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Fig.  2 — Section  at  Deep  End  of  Pool 


to  the  trouble  encountered  with  water 
seepage.  The  actual  costs  of  the 
work  are: 

Engineering    $  125.00 

Superintendence    626.00 

Initial  contract   for  pool  and  l)uild- 

ings    7,358.00 

Extras   to   contractors 42.85 

Labor  with  teams — excavating,  back- 
filling, pumping,  grading,  etc 415.60 

Lat>or — for  pool,  drain,  supply  pipe, 

pressure  pipe,   etc 889.85 

Life    rail    and    scum    trough,    terra 

cotta    480.00 

Cement,  sand  and  lumber 50.15 

Sewer  pipe  177.15 

Pipe,  valves,  hardware,  etc 188.50 

Miscellaneous  labor  and  supplies...  252.44 

Drayage     8.75 

Liability  insurance    37.41 

Stationery,  printing,  advertising  for 

bids   37.35 

Office  supplies,   postage,   etc 10.88 

Total     $10,699.93 

HOW   THE    POOL   W.HS    FIN.^NCED 

The  building  fund,  with  the  ex- 
ception of  f^.OOO  appropriated  by 
the  city,  wa.s  obtained  by  popular 
subscription  through  the  efforts  of 
Pendleton  Commercial  Assn.,  the 
amounts  subscribed  ranging  from 
25  cts.  to  $100.  Upon  completion, 
the  natatorium  was  turned  over  to 
the  city  as  a  municipal  structure, 
practically  free  of  debt.  To  make 
the  enterprice  self-supporting,  a 
charge  of  10  cts.  for  bathing  privi- 
lege is  made  on  two  days  of  the 
week,  while  at  all  other  times  the 
use  is  free.  The  revenue  from  this 
source  has  proved  ample  to  cover  the 
cost  of  operation,  including  two  at- 
tendants and  other  minor  expenses. 
The  pool  is  located  in  Roundup 
Park.  This  tract,  the  scene  of  the 
famous  Pendleton  roundup,  was 
deeded  to  the  city  by  the  Roundup 
Assn.  for  a  public  playground,  and 
all  surplus  revenue  derived  from  the 
annual  show  is  devoted  to  the  perma- 
nent improvement  of  the  propertv. 
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Fig.  1 — One  Side  of  Entrance,  Port.ige  Park,  Chicago,  Modeled  in  Xeat  Ce.ment 
Paste 


Concrete  Improvements  in  Portage 
Paris  Chicago 


Chicago  parks  in  general  have 
liberally  used  concrete  to  make  vari- 
ous permanent  park  improvements. 
For  instance,  several  of  them  use 
concrete  posts  where  fencing  is  ne- 
cessary. All  have  concrete  drinking 
fountains  and  walks ;  and  the  con- 
crete work  is  largely,  if  not  entirely, 
performed  by  employes  of  the  Park 
Department. 

One  of  the  newer  Chicago  parks 
recently  developed  in  the  northwest 
section  of  the  city  is  known  as  Port- 
age Park.  Here  also  concrete  has 
been  used  extensively,  and  in  one  in- 
stance in  a  verj'  novel  way.  namely, 
in  modeling  in  relief  panels  intend- 
ed to  commemorate  or  typify  an  ac- 
tual old-time  portage,  from  the 
North  Branch  to  the  Des  Plaines 
River,  since  the  site  of  Portage  Park 
i?  in  the  vicinity  of  a  spot  at  which 
in  the  early  days  a  portage  was  made 
necessary.  The  modeling  is  on  pan- 
els that  form  an  entranceway  at  one 
side  of  the  park,  and  is  remarkable 
in  that  the  work  was  performed  by 
an  old  German  artist,  Herman 
Grass,  who  used  a  neat  cement  paste 
as  his  medium,  building  up  the 
sculptured  figures  life  size  on  Yi-in. 
wire  mesh.  The  wire  is  bent  as 
nearly  as  possible  to  the  shape  of 
the  object  before  modeling  is  done. 
The  work  is  supported  by  a  timber 
frame  covered  with  the  cement  mix- 
ture. 

The  pergola  and  the  lily  pond  are 
of  concrete,  as  are  the  lighting  stan- 
dards   in    the    park,    these    being   of 
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Fig.  3 — Details  of  Lighting  Standard 
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the  type  known 
as  the  Star'  lamp 
post,  on  account 
of  the  cross-sec- 
t  i  o  n  .  Construc- 
tion is  of  c  o  n  - 
Crete,  in  which 
t  li  e  aggregate 
tliroughout  c  o  n  - 
sists  of  m  i  c  a  - 
spar."  These 
posts  combine 
minimum  weight 
a  n  d  maximum 
strength,  and  are 
made  from  a  wet 
mixture  compact- 
ed by  vibrating 
tiie  mold  while 
depositing.  They 
are  molded  i  n 
one  piece  and 
may  b  e  easily 
erected  by  two 
men  without  the 
use  of  a  derrick 

•Made  by  Chicago 
Concrete  Post  Co., 
Chicago 

KiG.  ;j — Concrete  »Crown   Point   Spar 

LiOHTixG  Stan  )ari>     Co.,  N.  Y.  C. 


or  other  elevating  device.  Curing  is 
by  natural  processes.  As  soon  as  it 
is  iK)ssible  to  remove  the  mold  the 
surface  is  washed  with  itlaiu  water, 
thus  removing  the  cement  from  the 
surfaces  of  the  spar  particles  and 
))roducing  a  finish  of  rare  beauty. 
Accompanying  illustrations  show  one 
of  the  finished  jjosts  and  details  of 
construction. 

In  another  illustration  two  mono- 
lithic posts  with  lighting  standards 
on  top  are  shown.  These  serve  to 
define  another  entrance  to  the  park. 
A  concrete  drinking  fountain  ap- 
pears in  the  foreground  of  this  view. 
This  fountain  was  made  by  park 
employees  after  a  design  embody- 
ing the  principles  of  the  lighting 
standards,  being  constructed  of  spar 
aggregate  throughout  and  finished  so 
as  to  have  the  same  surface  texture. 


Limestone  aggregate  should  not 
be  used  for  sewers  or  other  con- 
struction subject  to  the  action  of 
running  soft  water.  Samples  of 
limestone  kept  6  mos.  in  running 
soft  water  have  been  found  to 
lose  weight  at  the  rate  of  6%o% 
to  18y,o%   per  yr. 


Bond  of  Steel  in  Reinforced 
Concrete 

In  a  recent  number  of  the  Iowa 
Engineer,  C.  A.  Baughman'  cites  an 
instance  to  show  that  more  attention 
should  be  paid  to  working  concrete 
around  reinforcing  in  order  to  secure 
proper  bond  at  the  bottom  of  the 
bars.    He  says: 

In  cutting  a  large  number  of  small 
holes  in  the  bottom  of  a  concrete 
bridge  slab  recently,  to  expose  the 
reinforcing  bars  for  the  purpose  of 
taking  measurements  thereon,  consid- 
erable side  light  was  thrown  on  the 
matter  of  getting  good  bond.  The 
slab  was  reinforced  with  %-in.  cor- 
rugated bars  on  about  6-in.  centers. 
The  concrete  below  the  bars  was 
about  ll/o"  thick.  So  far  as  is  known, 
the  concrete  was  mixed  as  thorough- 
ly as  is  usual  on  such  a  job,  and 
placed  as  carefully.  In  fact,  it  may 
be  taken  as  an  illustration  of  ordi- 
nary practice. 

Use  was  made  of  various  shaped 
cold  chisels  in  cutting  the  holes  for 
measurements,  and  in  general  the 
concrete  adhered  to  the  bars  so  that 
scraping  was  required  to  clean  them. 
On  numerous  occasions,  however,  the 
last  of  the  concrete  would  fly  from 
in  front  of  the  chisel  and  the  rod 
would  be  left  perfectly  clean.  A 
steel  "scribcr"  was  used  in  marking 
and  in  working  the  holes.  This  in- 
strument had  one  end  bent  at  right 
angles  14".  It  was  noticed  that 
sometimes  when  the  concrete  came 
off  the  rod  so  readily,  there  appeared 
to  have  been  a  cavity  under  the  rod. 
The  bent  end  of  the  scriber  was 
brought  into  use  and  many  times 
could  be  run  the  full  half-inch  along 
the  rod,  showing  that  many  times  the 
concrete  (or  more  strictly,  perhaps, 
mortar)  fails  to  flow  absolutely  to 
place  under  the  rods.  This  difficul- 
ty will  necessarily  be  greater  with 
large  reinforcing  members,  coarse 
aggregate,  close  spacing,  dry  mix- 
tures, etc.,  but  cannot  fail  to  be  a 
cause  of  lessening  of  bond  in  any  re- 
inforced concrete  work  which  is  not 
put  in  verv  carefully  indeed. 

'Instructor  "in  C.  E.,  Iowa  State  College 


Fig.  4 — Pergoi.a,   Pool,   Drinking   Fountain   and   Entrance   Pillars   of   Concrete, 
Portage  Park 

April,  1916 


It  is  interesting  in  connection  with 
the  highway  bridge  work  discussed 
at  the  Am.  Concrete  Inst,  meeting  at 
Chicago,  to  find  that  the  Concrete 
Inst,  in  England  has  a  committee 
consisting  of  representatives  of  the 
Institute,  the  Institution  of  Munici- 
pal and  County  Engrs.  and  the  In- 
stitution of  Municipal  Engrs.,  which 
recently  made  a  draft  report  on  the 
subject. 
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Concrete  Lighting  Standard  Made  By 
Centrifugal  Process 


By  L.  R.  W.  Allison'^ 


Fk;.  1 — LiGHTiXG  StaxuarDj  Made  by 
Centrifugal  Process 

The  superiority  of  reinforced  con- 
crete lighting  standards  over  various 
forms  of  metal  posts,  such  as  bronze, 
wrought  and  cast  iron,  copper  cov- 
ered or  pressed  steel,  has  become 
generally  recognized.  Not  only  is 
the  initial  cost  of  the  concrete  post 
considerably  less,  but  the  expense  of 
maintenance  and  upkeep  represents 
an  almost  negligible  item,  no  paint- 
ing being  required  to  preserve  the 
appearance. 

An  improved  type  of  reinforced 
concrete  post  for  street  lighting  is 
now  being  manufactured  in  southern 
California  and  it  is  used  in  many 
municipalities  in  that  vicinity.  This 
standard,  shown  in  Fig.  1.  is  made 
by  a  centrifugal  process  of  molding 
which  offers  some  interesting  fea- 
tures of  operation.  The  centrifugal 
method  of  formation  indicates,  both 
in  theory  and  in  practice,  a  logical 
and  effectual  means  of  production, 
at  the  same  time  showing  reduced 
cost  factors  that  tend  to  enhance  the 
extensive  emploj-ment  of  these  stan- 

'Kewark,   N.  J, 
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dards  for  all  practical  and  econom- 
ical purposes. 

Tlie  fundamental  principle  in- 
volved in  centrifugal  concrete  manu- 
facture is  that  of  effecting  proper 
compression  hy  centrifugal  action. 
As  is  evident,  in  revolving  a  wet  mix 
by  this  process  the  area  of  greatest 
compression  is  at  the  point  of  great- 
est radius.  This  affords  the  desired 
density  in  sections  wliere  it  is  most 
needed,  resulting  in  a  product,  with 
cored  center,  of  great  structural 
strength  and  stability. 

As  indicated  in  the  sectional  dia- 
grams of  angular  and  circular  con- 
crete structures,  Fig.  2,  the  hardest 
portion  will  be  at  the  outside  and 
the  thickness  of  wall  can  be  gov- 
erned by  the  amount  of  material 
used.  This  placement  of  the  heavier 
and  the  finer  particles  in  concrete  by 
centrifugal  action,  forming  the  dens- 
est mass  at  the  outside,  affords  a 
consistent  distribution  in  the  proper 
proportions  of  the  respective  ingre- 
dients. 

These  standards  are  composed  of 
a  1 :3  mixture,  consisting  of  1  part 
Portland  cement  and  3  parts  clean 
washed  sand  and  gravel.  This  ag- 
gregate is  mixed  witli  sufficient  wat- 
er to  permit  pouring  into  forms 
which,  of  wood  or  metal  as  required, 
are  of  the  desired  outline  and  di- 
mensions, and  made  in  two  or  more 
parts  as  the  exterior  design  may  ne- 
cessitate. The  steel  reinforcement  is 
built  up  and  placed  in  the  mold,  sup- 
ported from  the  wall  on  a  dead  cen- 
ter. 

When  filled,  the  forms  are  locked 
in  a  machine  and  revolved  at  a  prop- 
er speed  to  compact  the  mixture, 
sustaining  the  wet  concrete  against 
the  walls.  The  exact  rotating  speed 
is  dependent  upon  the  diameter  of 
the  post.  In  this  operation  all  voids 
are  filled  and  the  resultant  product 
has  a  hard,  smooth  surface  that  can- 
not be  obtained  by  ordinary  tamp- 
ing. The  preliminary  set  is  obtained 
in  about  ."^O  min.  and  the  mold  is 
withdrawn  and  allowed  to  stand  for 


21  hrs.  before  removal.  After  this 
time,  the  formed  structure  is  capable 
of  being  handled  without  danger  of 
injury  to  the  surface;  an  additional 
curing  in  the  open  air,  keeping  the 
jjroduct  thoroughly  moistened,  com- 
pletes the  process  of  manufacture. 

A  sectional  view  of  a  typical  post 
is  shown  in  Fig.  3.  The  shaft  is 
reinforced  with  four  %-in.  square 
twisted  steel  rods,  equally  spaced 
around  the  circumference  and  %"^ 
from  the  outside  wall.  The  rods  are 
wired  and  held  in  place  with  No.  14 
wire  hoops.  The  standards  have  a 
liollow  core,  varying  slightly  for  dif- 
ferent types  of  design,  but  not  less- 
than  3",  extending  from  end  to  end. 
This  core  is  concentric  with  the  out- 
side surface  of  the  post. 

The  base,  of  square  or  octagonal 
pattern,  as  desired,  and  capital  are 
cast  separately  under  the  centrifugal 
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Fig.   3 — Sixtioxal   Diagrams   of   Three 
Standards 
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Fig.  3 — Detail  of  Lighting  Standard 
Ax>n\,  I'jie 
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process.  Tlic  t'oniicr  is  provided 
witli  .1  1-in.  x  i-iii.  x  (i-in.  cut-out 
l)ox  with  coucrclf  cover.  Founda- 
tions for  tlie  standards  arc  cast  in 
place,  reinforced  witli  %-in.  twisted 
steel  rods  5'  long  in  center,  and  the 
post  securely  anchored  to  this  foot- 
ing. 

The  hollow  core  of  the  shaft  is 
arranged  for  tlie  electric  conduit, 
which  extends  from  the  cut-out  box 
to  the  lighting  fixture  at  the  top. 
Tile  conduits  enter  the  sides,  as  in- 
dicated in  the  drawing,  and  are  bent 
up  to  go  into  the  cut-out  box  in  the 
base  of  the  standard.  After  the 
■conduit  is  installed,  the  core  is  filled 
with  cement  grout  and  a  cast  brass 
shade  holder  screwed  in  position  on 
the  end  of  the  conduit. 

In  finished  surface  these  standards 
Tcsemble  cut  or  polished  stone, 
which  lias  resulted  in  the  trade  name 
of  Marbelite.  The  post  being  hol- 
low, is  accordingly  lighter  than  a 
solid  column,  and  at  the  same  time, 
is  considerably  stronger.  Tests  for 
absorption  show  that  the  surface  of 
these  |)()sts  take  u])  less  than  one-half 
the  moisture  absorbed  by  well  tamp- 
fd  concrete  of  the  same  mixture  in 
a  like  period  of  time. 

While  this  method  of  concrete 
manufacture  is  suitable  for  otiier 
products  of  post  or  column  t3'pc,  it 
has  become  particularly  applicable 
in  making  reinforced  concrete  elec- 
troliers, and  extensive  activity  is  be- 
ing given  this  line  of  operation. 
Classic  designs  modeled  after  Greek 
and  Roman  architecture  are  being 
adopted  for  various  column  types, 
supplemented  by  bases  and  capitals 
of  harmonizing  pattern. 

Many  cities  and  towns  in  southern 
California  are  now  employing  these 
lighting  standards  along  important 
thoroughfares,  such  as  I,os  Angeles, 
Santa  ^fonica,  Hermosa  Beach,  Man- 
hattan Beach,  Newport  and  Mon- 
terey, while  other  communities  have 
arranged  for  installation  in  the  im- 
mediate  future. 


Waterjiroofing  Concrete  Sur- 
faces' 

Some  interesting  experiences  in  the 
■waterproofing  of  concrete  surfaces 
are  give  in  Reclamation  Record,  by 
J.  L.  Lytel,  project  manager  of  the 
Strawberry  Valley  project,  Utah. 
The  storage  works  and  tunnel  of  the 
Strawberry  Valley  project  are  lo- 
cated in  the  Wasatch  Mountains  at 
an  elevation  of  7,500'.  The  varia- 
tion of  temperature  in  this  vicinity 
is  very  wide  and  the  climate  in  win- 


•By    A.    M.    Wolf,   in    Railway   Engineering 
<md  Maintenance  of  Way 


ter  is  very  severe,  temperatures  as 
low  as  50°  F.  below  zero  being  re- 
corded, while  the  snowfall  ranges 
from  10"  to  21'  in  depth. 

Tlie  extreme  cold,  with  alternate 
thawing  and  freezing  of  water  in  the 
pores  of  the  exposed  faces  of  the 
concrete,  was  found  to  have  a  very 
destructive  cff'ect  on  these  concrete 
structures  and  the  waterproofing  of 
the  surfaces  was  decided  upon  as  a 
preventative  against  their  continued 
disintegration. 

It  was  decided  to  treat  the  vertical 
surfaces  with  alum  and  soap  solu- 
tions and  the  horizontal  surfaces 
with  paraffin.  The  alum  solution 
was  made  by  dissolving  2  oz.  of 
alum  KAl(SO<)!  in  1  gal.  of- hot  wa- 
ter. The  soap  solution  consisted  of 
■Yl.  lb,  of  castile  soap  dissolved  in  1 
gal,  of  hot  water.  The  paraffin  was 
boiled  to  drive  off  water  as  the  pres- 
ence of  water  rendered  it  hard  to  a])- 
ply.  Ordinary  commercial  j)roducts 
were  used. 

The  surface  to  be  treated  with  par- 
affin was  first  thoroughly  dried  and 
cleaned  of  loose  concrete,  dirt  and 
other  foreign  material.  The  heated 
|)ara(Iin  was  then  applied  with  a 
paint  brush  and  forced  into  the  pores 
by  the  heat  of  a  blow  torch  on  the 
surface.  Only  one  coat  of  paraffin 
was  applied  as  the  concrete  would 
not  absorb  more. 

The  surface  to  be  treated  witli 
soap  and  alum  was  cleaned  .as  stated 
and  the  alum  solution  was  applied  at 
a  temperature  of  100°  F.  with  a 
moderately  stiff  brush,  and  was  then 
worked  in  with  a  stiff  horse  brush. 
While  the  surface  was  still  moist 
from  this  treatment  the  hot  soap  so- 
lution was  apjilied  in  the  same  man- 
ner, one  treatment  of  each  solution 
constituting  a  coat.  If  other  coats 
were  considered  necessary,  they  were 
applied  in  like  manner  after  the  pre- 
ceding coat  had  been  allowed  to  stand 
1 1  hrs.  or  more. 

Twelve  structures  were  given  this 
treatment,  the  surface  area  covered 
being  approximately  28,000  sq.  ft. 
Four  thousand  sq.  ft.  were  treated 
with  paraffin  at  the  rate  of  1  pound 
for  11  "?4  ■S'l-  ft  ^^^  the  remainder 
with  soap  and  alum.  One  gal.  of  al- 
um solution  and  1^  gal  gal.  of  soap 
solution  covered  50  sq.  ft.  with  two 
coats.  Two  coats  of  alum  and  soap 
were  applied  at  an  average  cost  of 
$0.75  per  100  sq.  ft.,  and  the  co.st 
varied  from  ^0A\  minimum  to  $1.28 
maximum.  The  cost  of  one  coat  of 
paraffin  varied  from  $1.70  to  $3.78 
per  100  sq.  ft.,  and  averaged  $2.11, 
this  cost  including  everything  ex- 
cept general  expense.  The  work  was 
done  by  two  men  receiving  $75  and 
$80    per    mo.,    while    brushes    cost 


$6.06,  castile  soap  $0.12l/:i  per  lb., 
alum,  $0.18  per  lb.,  and  crude  par- 
affin $t.80  per  cwt. 

The  results  obtained  by  this  style 
of  waterproofing  are  considered  very 
satisfactory.  The  structures  that 
were  repaired  and  treated  have  pass- 
ed through  two  severe  winters  and 
no  further  disintegration  of  the  con- 
crete has  taken  place  in  any  part. 


Overhead  Charges  to  be  Con- 
sidered in  ^Making  l^p  a 
Bid 

1.  Expense  of  making  up  the  esti- 
mate and  bid. 

2.  Cost  of  surety  bond. 

3.  Cost  of  liability  insurance, 
workmen's  and  public. 

4.  Cost  of  plant  and  eqiiipment. 

5.  Moving  plant. 

6.  Maintenance  of  equipment,  in- 
cluding cost  of  repairs  and  sup- 
plies. 

7.  Tools  lost,  broken  and  stolen. 

8.  Wasted  material. 

9.  Demurrage. 

10.  Losses  due  to  weather  condi- 
tions and  damages  by  the  ele- 
ments. 

11.  Payroll  and  expense  of  outfit  in 
rainy  weather. 

12.  Water  charges. 

!;>.  Damages  to  private  property. 

11.  Cost  of  inspection  of  materials. 

15.  Lost  and  damaged  cement  bags. 

1 6.  Being  a  good  fellow. 

There  have  been  omitted  some 
two  or  three  items  which  apply  par- 
ticularly to  highway  contracts,  but 
the  list  is  nearly  applicable  to  any 
work.  Although  that  last  item  might 
be  inferred  to  include  a  sum  to  cover 
all  forgotten  contingencies,  we  would 
add  to  the  list  for  big  construction 
jobs: 

17.  Depreciation  of  plant. 

18.  Engineering  staff. 

19.  Equipment  and  maintenance  of 
field  offices. 

20.  Fees  for  various  local  permits, 
explosives,  magazines,  etc. 

21.  Cost  of  electric  light  and  power. 

22.  Interest  on  borrowed  capital. 

23.  Loss  on  extra  work  provided 
for  on  "cost  plus  10%  basis, 
since  there  are  many  small 
charges  that  should  be  allowed 
that  are  not. 

24.  Premiums  on  accident  bonds, 
and,  last  but  not  least, 

25.  Annual  retainer  to  counsel. 
We    were    going    to    add    another 

item  covering  the  loss  sustained  due 
to  minor  changes  in  plans,  but,  on 
second  thought,  maybe  that  is  in- 
cluded in  the  item  of  "being  a  good 
fellow." — The  Contractor's  Atlas} 


^Atlas  Portland  Cement  Co. 
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Forms  For  Concrete  Work — Some  Fac- 
tors to  be  Considered  in  Their  Design 


By  R.  a.  Sherwix- 


Economical  design  and  con- 
stniction  of  form  work  often 
determine  whether  or  not  a  job 
will  yield  a  'profit.  It  is  sig- 
nificant that  in  the  face  of  ris- 
ing labor  and  limber  markets, 
the  unit  cost  of  concrete  forms 
has  decreased.  Some  of  the 
factors  to  be  considered  in  the 
design  of  forms  and  the  proper 
treatment  of  form  design  in  the 
hands  of  the  designer,  in  the 
drafting  room  and  on  the  job, 
are  the  subjects  of  a  paper  of 
more  than  ordinary  value  to 
both  contractor  and  engineer 
which  is  presented  in  part  in 
the  following  pages. 


Numerous  cost  analyses  show  that 
labor  on  forms  averages  about  one- 
third  the  labor  cost  of  the  building, 
the  labor  cost  being  about  25%  of 
the  total  cost  and  that  lumber  for 
form  work  costs  about  Yio  of  the 
total  material,  including  sub-con- 
tracts. 

Issue  is  taken  with  an  article  pub- 
lished in  Concrete'  which  says, 
"too  much  stress  cannot  be  placed 
upon  the  importance  of  having  an 
ample  number  of  shores  under  the 
forms,  which  should  be  regulated  by 
the  judgment  of  the  foreman  car- 
penter." It  is  believed  that  in  all 
cases  drawings  should  be  made  in 
the  office  of  the  contractor,  showing 
the  foreman  just  what  support  is 
needed.  Issue  is  also  taken  with  the 
following  statement  in  Coxcrete:* 
"Plans  and  details  for  forms  are  re- 
quired to  be  furnished  by  the  con- 
tractor and  should  be  submitted  to 
the  engineer  for  his  approval  before 
starting  the  work,  but  such  approval 
should  not  release  the  contractor 
from  responsibility,"  etc. 

^Ir.  Sherwin  believes  that  this  is 
incorrect     and     that     the     engineer 


'Abstract  of  Paper  before  Am.  Concrete 
Institute,  Feb.,  1916 

^Res.  Engr.,  Aberthaw  Const.  Co.,  New 
Haven,  Conn. 

'By  Jerome  Cochran,  June,  1915,  p.  288 

'By  Jerome  Cochran,  Mar.,  1915,  p.  142 
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sliould  be  interested  in  results  only, 
and  that  since  the  contractor  is  re- 
sponsible for  the  work,  he  should 
design  the  forms. 

GENERAL    PROBLEM 

Economical  forms  must  be  design- 
ed as  light  and  with  as  few  sticks 
as  possible  to  give  the  necessary 
strength  and  stiffness.  We  must  re- 
member on  the  one  hand  that  hu- 
man lives  and  the  cost  of  failure, 
both  in  money  and  reputation,  are 
dependent  upon  the  design,  and  on 
the  other  hand  that  form  work  is  a 
temporary  structure  fully  loaded  for 
a  short  time  only  and  that  a  low  fac- 
tor of  safety  is  therefore  allowable. 

The  main  question,  then,  is  one 
of  strength  with  enough  stiffness  to 
prevent  any  appreciable  sags  in  the 
finished  concrete.  Any  slight  deflec- 
tion that  might  occur  in  the  timbers 
themselves  is  taken  care  of  in  the 
camber  always  given  horizontal  mem- 
bers in  erection. 

The  strength  of  the  floor  timbers 
should  be  designated  for  the  full 
live  and  dead  load,  but  any  serious 
deflection  will  be  caused  only  by  the 
dead  weight  of  the  wet  concrete. 
The  full  live  and  dead  load  can  act 
together  for  a  very  short  space  of 
time  only.  One  place  where  deflec- 
tion should  be  carefully  guarded 
against  is  at  the  window  head.  .\t 
this  point  a  slight  deflection  will 
cause  much  trouble  and  expense  in 
setting  the  sash. 

The  principal  cause  of  settlement 
of  form  work  is  crushing  of  the  soft 
spruce  or  pine  lumber  perpendicular 
to  the  grain  in  the  girt  over  the  post, 
and  also  in  the  adjustment  of  the 
wedges  under  the  posts  as  the  full 
load  is  applied.  An  average  safe 
value  to  use  in  form  design  for  this 
crushing  stress,  as  determined  by 
numerous  tests,  is  400  lbs.  per  sq. 
in  for  spruce.  Considering  this 
stress,  a  4-in.  x  4-in.  spruce  post 
under  a  4-in.  wide  girt  is  good  for 
6.400  lbs. 

The  trouble  due  to  wedges  can  be 
almost  entirely  eliminated  by  using 
large  hardwood  wedges.  If  the 
posts  are  cut  square  at  the  ends  to 
give  an  even  bearing  and  heavy 
wedges  used  to  bring  the  posts  to 
grade,  no  settlement  will  occur. 

Posts    are    usually    placed    on    a 


plank  sill.  When  these  sills  are  laid 
on  the  ground  great  care  is  needed 
in  order  to  avoid  settlement  because 
of  deflection  in  the  plank  when  a 
hollow  place  comes  under  the  post. 
This  often  occurs  when  sills  are 
placed  on  frozen  ground,  and  sala- 
manders thaw  out  portions  of  the 
surface  and  cause  soft  places  under 
the  sills.  When  light  sills  are  placed 
on  a  rough  concrete  floor  deflection 
is  liable  to  occur  unless  care  is  taken 
to  give  the  sills  an  even  bearing. 

For  these  reasons  I  believe  that 
limiting  the  floor  timbers  to  very 
small  deflections  and  at  the  same 
time  using  high  loads  on  the  posts 
is  not  consistent,  and  surelv  not  eco- 
nomical. 


The  first  thing  to  be  done  in  pre- 
paring a  form  design  for  a  concrete 
structure  is  to  make  a  careful  analy- 
sis of  the  plans  submitted  by  the  en- 
gineer. This  should  be  done  as  soon 
as  the  preliminary  plans  are  avail- 
able, for  many  details  which  serious- 
ly affect  the  progress  and  cost  of  the 
forms  may  be  brought  to  the  engi- 
neer's attention  and  changes  made 
for  the  benefit  of  the  owner.  These 
points  are  often  overlooked  by  the 
engineer,  who  does  not  always  look 
at  the  structure  from  the  construc- 
tion point  of  view. 

Chief  among  these  points  is  that 
of  story  heights.  It  is  desirable  that 
these  heights  be  kept  uniform 
throughout  the  building  so  that  the 
column  forms  can  be  re-used  from 
story  to  story  without  either  cutting 
off  or  splicing.  It  is  better  to  have 
the  high  stories  at  the  bottom,  as 
cutting  off  forms  is  much  cheaper 
than  splicing  them. 

Another  important  point  is  con- 
struction joints.  These  should  be 
planned  and  reinforcement  detailed 
so  that  the  forms  can  be  erected  in 
the  simplest  possible  manner.  These 
joints  should,  of  course,  come  at  a 
natural  stop  for  a  day's  work  and 
be  located  so  that  they  will  least  af- 
fect the  appearance  of  the  finished 
structure.  The  position  and  detail 
of  any  expansion  joints  should  be 
determined  early,  as  they  will  affect 
the  form  design  and  probably  re- 
quire special  study. 

An  example  of  a  detail  to  be  con- 
sidered in  connection  with  the  ques- 
tion of  joints  is  the  important  one 
of  making  the  dowels  for  the  col- 
umn rods  long  enough  so  that  the 
necessary  lap  will  come  above  the 
point  where  the  column  forms  will 
actually  start.  It  is  not  uncommon, 
for  example,  to  find  a  wall  beam, 
which  comes  above  the  slab,  detailed 
so  that  it  must  be  cast  with  the  floor, 
but  at  the  same  time  to  find  the  lap 
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for  the  column  rods  shown  above 
tlie  top  of  tlie  slab  instead  of  above 
the  top  of  the  wall  beam,  as  it  should 
be. 

It  is  economical  to  cast  a  curtain 
wall  beam,  used  sometimes  in  mush- 
room construction,  as  a  later  opera- 
tion. The  forms  can  be  made  and 
erected  more  cheapl3^  This  can  eas- 
ily be  arranpred  by  providiug  (lipc 
slce\es  through  the  column  to  take 
the  negative  rods  and  a  slot  in  the 
column  as  a  seat  for  the  beam. 

The  kind  of  windows  must  be  de- 
cided upon  at  once  so  that  the  ne- 
cessary groove  strip  can  be  sched- 
uled and  attached  to  the  column 
sides  and  beam  bottoms  at  the  "niak- 
ing-up"  benches. 

The  floor  finish  will  affect  the 
form  design.  Questions  as  to  the 
thickness  of  wood  floor,  or  if  grano- 
lithic, whether  it  is  to  be  placed  with 
the  slab  or  as  a  separate  operation, 
must  be  decided  before  the  form  d( 
sign  can  proceed. 
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It  is  usual  in  the  ji^tfer  s  work 
that  excavation  for  the  building  be- 
gins at  the  same  time  the  plans  are 
started,  or  when  the  latter  are  in  a 
very  preliminary  state.  It  is  neces- 
sary, then,  for  the  man  in  charge 
of  the  form  design  to  be  familiar 
with  the  structural  design  so  that 
points  such  as  have  been  noted  may 
be  settled,  the  lumber  bought  and 
the  forms  made  up  by  the  time  the 
excavation  is  completed.  When  a 
complete  set  of  plans  are  available 
the  problem  is  easier. 

The  next  step  in  the  design  is  the 
preparation,  by  the  cost  department, 
of  a  progress  diagram  similar  to 
Fig.  1.  A  description  of  the  method 
of  making  the  diagram  is  not  within 
the  scope  of  this  paper.  The  limiting 
factor,  however,  is  usually  the  date 
when  the  owner  wishes  the  building 
turned  over  to  him  as  part  of  his 
equipment.  This  diagram  gives  the 
dates  on  which  the  various  floors 
must  be  completely  formed  in  order 
that  there  will  be  time  for  the  neces- 
sary "follow-up"  work.  These  dates 
will  determine  how  many  floors  of 
new  forms  are  necessary  and  when 
the  design  must  be  complete  in  or- 
der to  allow  sufficient  time  for  mak- 
ing-up  and  erecting.  The  number  of 
men  necessary  to  turn  out  the  work 
in  the  drafting  room  in  this  time  can 
also  be  estimated. 

With  this  preliminary  information 
at  hand,  a  conference  is  now  held 
between  the  man  in  charge  of  the 
form  design  and  the  job  and  travel- 
ing superintendents.  The  latter  is 
constantly  in  touch  with  the  lumber 
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market  and  is  able  to  tell  when  the 
-design  iiTOst  be  governed  by  any  un- 
isual  conditions.  The  sizes  and 
lengths  of  lumber  stocked  in  difl^er- 
ent  localities  vary  considerably,  and 
it  is  always  desirable  to  make  up  the 
design  of  sizes  that  can  be  obtained 
at  the  lowest  cost,  in  the  required 
time  and  in  the  necessary  qua/itity. 
Delays  because  of  non-delivery  of 
the  lumber  are  costly. 

.\nother  point  to  be  settled  is  the 
part  of  the  job  at  which  construction 
will  begin.  This  matter  is  usually 
governed  by  field  conditions  and  has 
to  be  decided  by  the  superintendent 
in  charge  after  his  study  at  the  site. 
The  movement  of  the  forms  through- 
out the  job  is  dependent  upon  where 
erection  is  to  begin  and,  therefore, 
must  be  known  early. 

The  size,  kind  and  location  of  the 
concrete  plant  have  some  eff"ect  upon 
the  form  design  and  should  be  dis- 
cussed at  this  conference.  The  capa- 
city of  the  plant  will  determine  a 
day's  concrete  work  and  will  affect 
the  location  of  construction  joints. 
The  speed  of  the  work  is  also  some- 
times dependent  upon  the  concrete 
plant. 

At  this  time  the  general  scheme 
of  the  form  design  can  be  discussed 
and  any  suggestions  from  the  expe- 
rience of  the  superintendents  may  be 
incorporated.  If  the  job  superin- 
tendent and  his  carpenter  foreman 
are  in  sympathy  with  the  scheme  a 
better  job  will  result  from  this  team 
work. 

In  calculating  the  sizes  of  form 
members,  we  do  not  use  a  standard 
set  of  loadings,  formulas,  etc.,  for 
all  cases,  but  treat  each  one  sepa- 
rately, according  to  conditions.  In 
general  we  use  the  following  values : 


D«ad  weiitht  of  concrete..    130  lbs.  per  cii.  ft. 

Construction  live  load  on 
floor  forms  75  lbs.  per  sq.  ft. 

Pressure  of  concrete  on  col- 
umns and  walls  per  ft. 
of  depth    HOIbs.  persq.  ft. 

Coefficient  of  elasticity  for 
spruce  or  equal 1,200,000 

Extreme  fllwr  stress  in 
spruce  or  equal,  for  tim- 
bers   1,200  lbs.  per  sq.  in. 

for  column  yokes 1,800  lbs.  per  sq.  in. 

Horizontal  shear  for  spruce 
or  equal    200  lbs.  persq.  in. 

Crushing    perpendicular    to 

?rain  in  spruce  or  equal.    400  lbs.  per  sq.  in. 

The  proper  value  for  the  equiva- 
lent hydraulic  pressure  of  concrete 
to  use  in  form  design  has  been  vari- 
ously estimated  all  the  way  from  75 
lbs.  per  sq.  ft.  per  ft.  of  depth  to 
twice  that  amount.  The  value  of  140 
lbs.,  noted  above,  will  give  safe  re- 
sults and  is  based  on  actual  experi- 
ments under  job  conditions. 

Timbers  used  as  joists  to  support 
the  floor  forms  are  figured  for  the 
full  live  load  of  75  lbs.  per  sq.  ft. 
plus  the  dead  load  of  the  slab,  on 
jobs  where  side-dump  cars  carrying 
a  four-bag  batch  of  concrete  are 
used  for  distribution.  Table  1  has 
been  prepared  on  this  basis,  using 
the  simple  beam  formula.  This  will 
take  care  of  the  worst  case  and 
places  the  greatest  factor  of  safety 
where  it  is  most  needed. 

On  jobs  where  buggies,  barrows 
or  chutes  are  used  for  placing  con- 
crete, the  spaeings  and  spans  given 
in  the  table  can  be  increased  because 
the  live  load  will  be  a  great  deal  less. 
It  is  doubtful  that  the  full  live  and 
dead  loads  act  at  the  same  time  in 
any  case. 

The  span  of  the  joists  is  usual- 
ly fixed  by  the  position  of  the  girts. 
The  location  of  the  latter  is  deter- 
mined by  the  column  spacing  in  a 
mushroom  floor  and  by  the  beam 
spacing  in  beam  and  girder  construc- 
tion. The  spacing  of  the  joists  is 
kept  as  near  24"  as  possible  in  or- 

[133] 


CONCRETE 


Table  1 — Spacings  and  Spans  for  Joists 


Slab  Thickness,  ir 
Weight,  lbs.  per 
sq  ft> 
Size  of      Spacing  of 
Joists,  in.      Joists,  in. 
3X6^  18 

20 


112.5        123.0 


150.0        162.5        175.0 


Span  of  Joists  in  Ft. 


10.0 
200.0 


11.0 
212.5 


12.0 
225.0 


12.2* 

11.6* 

11.0* 

10.6 

11.6* 

11.0* 

10.5 

10.0 

ll.l* 

10.5 

10.0 

9.6 

10.6 

10.0 

9.6 

9.2 

10.5 

9.6 

9.2 

8.8 

'Weight  includes  dead  load  of  slab  plus  75  lbs.  per  sq.  ft.  live  load 

=Span  which  will  develop  1,200  lbs.  per  sq.  in.  fiber  stress  and  deflectio 
Span,  (in.)     .18X5.75X1,200,000 

—    =77"  or  6.4' 

360  5X360X1.200X2 

3/j-=2X5.75=X  1,200/6=13,200  in.-lbs. 

^Span  which  will  develop  1,200  lbs.  per  sq.  in.  fiber  stress  and  deilectii 
Span,  (in.)     48X7.75X1,200,000 

= =103"  or  8.6' 

360  5X360X1.200X2 

A/?-=2X7.752X1.200/6=24,000  in.-lbs. 

^Span  which  will  develop  1,200  lbs.  per  sq.  in.  fiber  stress  and  deflectii 
Span  (in.)     48X9.75X1,200,000 

= =130"  or  10.8' 

360  5X360X1.200X2 

Mr=2X9. 75^X1,200/6=38.000  in.-lbs. 

'Deflection  in  this  case  exceeds  1/360  span 


der  to  work  the  %-in.  panel  decking 
to  the  Hmit.  With  the  span  and  the 
sp,icin2;  known,  a  timber  can  be 
selected  from  the  table  as  the  joist 
size.  The  spacing  of  joists  once  de- 
termined sliould  be  kept  standard 
for  the  job.  so  that  when  the  panels 
are  re-used  their  cleats  will  not  in- 
terfere with  the  joists  previoush' 
placed. 

Table  2  gives  the  spacings  of 
posts  under  the  girts  for  various 
spans  of  joists  and  thicknesses  of 
slabs.  These  tables  were  calculated 
for  a  24-in.  spacing  of  joists.  The 
concentr.ited  loads  from  the  joists 
were  used  on  a  .simple  span  in  cal- 
culating the  bending  moment.  The 
worst  case,  when  one  joist  comes  at 
mid-span,  was  used  in  this  calcula- 
tion. 

It  will  be  noticed  that  the  full  live 
load  was  also  used  in  preparing  this 


table.  However,  since  the  full  live 
load  will  never  get  to  the  girt  and  the 
span  of  the  girt  is  always  continu- 
ous for  at  least  two  spans,  the  mo- 
ment of  resistance  of  the  sticks  has 
been  multiplied  by  1.2. 

The  load  on  the  posts  is  next 
found.  This  load  is  usually  far  be- 
low its  allowable  load  as  a  strut,  but, 
as  has  been  stated,  the  latter  may 
cause  an  excessive  crushing  stress 
perpendicular  to  the  grain  in  the  girt 
at  the  top  of  the  post.  It  is  there- 
fore well  to  play  safe  at  tliis  point, 
especially  where  granolithic  finish  is 
to  be  cast  with  the  slab.  A  dish  in 
the  finished  floor  is  often  caused  by 
settlement  in  the  panel  due  to  this 
cause.  A  drop  of  %"  is  not  un- 
common if  soft  wedges  are  used. 

Deflection  in  the  floor  timbers 
themselves  need  cause  little  worry. 
As   seen   bv   the   tables,    fiber   stress 


Table  2 — Spacing  of  Girts  in   Ft. 


Slab  Thickness,  ii 

Weight,  ]h: 

i.  per  sq. 

tt. 

.1    3.0 

Size  of 

=Span  of 

112.5 

Girt,  in. 

Girt,  ft. 

3X6 

3 

12.3 

3.5 

10.6 

137.5        ISO.O        162.5 


16.3 

14.7 

13.3 

14.0 

12.5 

11.4 

12.2 

11.0 

10.0 

5.5 


5.8 


5.2 


4.7 
4.0 


'Weight  includes  dead  load  of  slab  plus 

=Span  which  will  develop  1,200  lbs.  per  sq.  in.  fiber  stress 

For  3X6-in.  girts,  Afi— 35,000  in.-lbs.=A/oX1.2 

For  4X6-in,  girts,  J/r=33,000  in.-Ibs.=MoX1.2 


per  sq.  ft.  live  load 
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governs  except  in  very  unusual  cases. 
When  it  is  desirable  to  increase  the 
spans  given  in  the  tables  in  order  to 
make  a  better  arrangement  of  cen- 
tering with  only  a  slight  increase  in 
fiber  stress,  it  is  well  to  compute  the 
deflection. 

COLUMNS 

Tables  3  and  4  give  the  spacings 
of  wooden  column  yokes  for  a  bolt- 
and-wedge  scheme.  A  fiber  stress 
of  1,800  lbs.  per  sq.  in.  has  been 
allowed  and  the  load  on  the  cleats 
determined  by  using  the  concrete  at 
l-iO  per  sq.  ft.  water  equivalent. 
The  span  of  the  yokes  has  been  tak- 
en c.  c.  of  bolts,  allowing  2l/o"  for 
column  sides,  the  thickness  of  the 
yokes,  and  1"  for  wedging.  This 
gives  a  greater  bending  moment  and 
heavier  yoking  than  in  some  tables 
that  have  been  proposed  by  others. 
For  example,  one  well  known  author 
on  concrete  work  in  a  published  ta- 
ble gives  five  2-in.  x  4-in.  yokes  on 
edge  for  a  30-in.  column  with  10-ft. 
liead.  I  have  seen  a  column  fail 
under  similar  conditions  when  yoked 
with  seven  ,S-in.  x  3-in. 

On  our  work  we  have  used  several 
styles  of  patented  metal  clamps  and 
liave  always  found  that  the  manu- 
facturer advocates  a  much  greater 
spacing  than  we  have  found  allow- 
able on  the  job.  In  one  case,  we 
used  eight  adjustable  steel  clamps  of 
a  certain  make  on  a  24-in.  x  24-in. 
column  \3'  5"  high.  We  noted  con- 
siderable deflection  in  the  clamps. 
We  asked  the  makers  for  their  rec- 
ommendation for  yoking  a  column  of 
this  size  and  height  and  their  answer 
was  "four  or  five  clamps  would  be 
sufficient."  We  had  practically  the 
same  experience  with  another  make 
in  regard  to  recommendation  for 
spacing  their  clamps.  I  believe  man- 
ufacturers would  do  well  to  make 
some  study  of  actual  conditions  be- 
fore putting  their  products  on  the 
market. 

The  deflection  of  the  column  sides 
between  the  yokes  will  never  need 
attention  except  when  very  large 
yokes  are  used.  The  limiting  span 
for  boards  is  shown  in  Fig.  2.  In 
most  cases  when  yokes  are  properly 
spaced  for  strength  and  for  action 
on  the  bolts  the  spacing  will  be  well 
within  the  limits  for  the  boards. 

WALL    FORMS 

A  cheap  method  of  centering  a 
wall  6'  high  and  over  is  to  use  full- 
height  vertical  panels,  heavy  hori- 
zontal studs,  heavy  vertical  liners  or 
standards  and  large  rods  threaded  at 
both  ends,  with  suitable  plate  wash- 
ers to  give  proper  bearing  for  the 
load  on  the  rod.  By  this  scheme  the 
stock  can  be  stressed  nearer  to  its 
allowable   load   and    fewer   ties   used 
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Y.    I — Spacixg    of    Woodex    Column' 

LEATS     FOR     MaX.     FinER     STRESS     OF     1,900 

Bs.  Per  Sq.  Ix. 


Table  3 — Spacing  of  3-in.  x  4-in.  Wood- 
en CoLUMX  Yokes  for  Max.  Fiber  Stress 
OF  1,800  Lbs.  Per  Sa.  In. 

through  the  wall.  Fig.  S  gives  a 
typical  cross-section  for  this  scheme. 
There  are  so  many  unknowns  enter- 
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ing  into  calculations  for  wall  center- 
ing that  any  tables  are  of  doubtful 
value.  It  should  be  noted  that  as  a 
rule  the  head  of  concrete  in  a  wall 
is  limited  by  the  amount  that  can  be 
cast  by  the  placing  outfit  in  an  hour. 


Ordinary  concrete  begins  to  set  up 
in  this  space  of  time  so  as  to  lose 
much  of  its  hydraulic  effect.  Using 
this  height  and  MO  lbs.  per  sq.  ft. 
pressure  will  give  safe  results.  It 
is  economical  wlien  liigli  lieads  occur 
to  limit  the  iieight  to  whicli  the  con- 
crete can  be  cast  in  order  to  use 
lighter  forms.  A  sj'stem  which  re- 
quires a  large  number  of  rod  or  wire 
ties  is  decidedly  uneconomical. 

DRAFTING    ROOM    METHODS 

More  important  to  the  success  of 
the  job  than  the  values  used  in  the 
calculations  are  the  methods  employ- 
ed in  the  drafting  room  in  turning 
out  drawings  of  forms  accurately 
and  speedily.  The  man  in  charge 
should  be  experienced  in  the  differ- 
ent types  of  concrete  building  con- 
struction and  should  have  men  whose 
judgment  of  building  work  is  reli- 
able. With  such  an  organization 
form  details  can  be  prepared  in  ad- 
vance in  the  office,  leaving  the  job 
superintendent  free  to  work  out  the 
many  other  details  attendant  upon 
the  beginning  of  the  job.  The  car- 
penter foreman  can  also  use  his 
whole  energy  in  directing  the  car- 
penter lafbor  and  the  carpenters  will 
need  only  to  use  their  tools  to  as- 
semble the  panels  made  up  in  ad- 
vance. 

The  first  study  and  drawings  to  be 
made  form  a  general  assembly.  Usu- 
ally several  different  combinations 
of  timbers  and  methods  of  assem- 
bling the  panels  are  sketched  up  and 
compared  as  to  cost.  Other  things 
being  equal,  of  course,  the  cheapest 
design  is  adopted. 

A  record  of  costs  of  the  various 
units  which  go  to  make  up  the  com- 
plete centering  scheme  is  therefore 
necessary.  Contractors  who  do  not 
have  such  a  record  will  find  Taylor 
and  Thompson's  Concrete  Costs"  a 
valuable  guide  in  this  work. 

Points  to  be  remembered  in  this 
study  are : 

1.  Joists  and  girts  should  be  in 
as  few  lengths  as  possible  to 
save  time  in  sorting  on  the 
job. 

2.  Use  stock  sizes  and  lengths 
lumber. 

3.  Keep  number  of  panels  and 
pieces  to  a  minimum. 

4.  Provide  easy  stripping. 

5.  Allow  clearance  enough  for 
slight  inaccuracies  in  mak- 
ing up  and  erecting,  swell- 
ing of  panels,  etc. 

6.  Panels  should  be  a  whole 
number  of  boards  in  width, 
if  possible,  for  ease  in  mak- 
ing up. 

7.  Units  to  be  as  big  as  can  be 

'Jolin  Wiley  &  Sons,  publishers,  X.  V.  C. 
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Fig.  3 — Assembly  of  Wall  Forms 

handled   and  joists   used   as 
panel  cleats  where  possible. 

8.  Provide  for  re-use  of  pan- 
els. 

9.  Beams  to  be  handled  as 
trough  units  when  the  job  is 
regular  and  units  can  be  re- 
used. 

10.  Consider  use  of  floor  domes 
or  inverted  boxes  when 
beams  are  close  together.  In 
this  way  beam  sides  and 
slab  are  erected,  stripped 
and  moved  as  a  unit.  When 
either  of  the  last  two  sj's- 
tems  is  used  the  beam  sides 
should  be  given  a  slope  to 
prevent  hard  stripping. 

11.  Provide  for  re-shoring  if 
necessary. 

12.  Have  bracing  above  men's 
heads. 

13.  When  four  beam  haunches 
occur  at  a  column  consider 
making  haunches  as  a  unit 
similar  to  a  column  head  in 
flat-slab  construction. 

14.  Consideration  of  steel  forms. 
The  general  assembly  shows  how 

the  various  parts  are  to  be  put  to- 
gether, supported,  tied  and  braced 
to  resist  the  concrete  pressure  and 
the  weights  coming  upon  the  mem- 
bers. This  drawing  in  its  final  shape 
can  be  made  on  tracing  cloth  with 
soft  pencil.  The  dimension  arrows, 
lettering  and  figures  should  be  inked 
so  that  clear,  prints  can  be  made  to 
avoid  errors  in  the  field.  These  as- 
semblies should  be  filed  permanently 
for  reference  on  future  work.  Fig. 
4  shows  a  typical  assembly  for  flat- 
slab  construction. 

When  it  is  necessary  to  strip  the 
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floor  centering  for  re-use  before  the 
concrete  has  been  in  place  long 
enough  to  gain  its  full  strength,  pro- 
visions for  proper  support  of  the 
green  slab  must  be  made  in  the  de- 
sign of  the  floor  forms.  The  safest 
and  cheapest  method  of  doing  this, 
in  the  writer's  opinion,  is  to  place 
boards  between  the  floor  panels  and 
wedge  posts  up  to  a  bearing  under 
these  boards  before  the  centering 
posts  are  knocked  out.     In  this  way 


the  slab  is  never  left  unsupported, 
as  is  the  case  when  reposts  are  plac- 
ed after  all  the  centering  is  down. 
These  boards  should  be  placed  ac- 
cording to  a  plan  and  located  so  as 
to  shorten  the  spans  of  the  main  re- 
inforcing bands. 

After  the  general  scheme  for  the 
forms  has  been  decided  upon,  the 
detail  panel  drawings  are  prepared. 
By  panel,  in  this  paper,  is  meant 
several  boards  cleated  together  into 


Fig.  4 — Typical  Assembly  of  Floor  Cextering;  Above,  Section  B.  B.;  Below,  Sec- 
tion A.  A. 


Fig.  5 — Typical  Assembly'  of  Floor  Cexterixg 


^/,V.^,.         " 
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a  unit  to  be  used  as  a  form  for  some 
part  of  a  concrete  member.  Every 
(lifl'crcHt  size  panel  is  first  sketched 
roujQ;hly  on  standard  6-in.  x  9-in. 
sketching  pads.  Tliese  pads  have 
holes  punched  at  the  top  so  that  as 
sketches  of  the  different  kinds  of 
jjanels  arc  made  they  can  be  bunch- 
ed together  and  brass  rivets  put 
through  tlie  lioles.  These  sketches 
are  transferred  in  more  detail  to 
thin  tracing  paper.  The  standard 
slieet  is  25"  x  3.S".  divided  by  a  l-in. 
space  into  two  halves  of  five  spaces 
each.  These  details  are  used  at  the 
job  mill  for  making  up  the  panels. 
The  blue-prints  sent  to  the  mill  man 
are  cut  up  into  the  5-in.  x  l6-in. 
units,  with  one  detail  on  each,  and 
given,  to  the  carpenters  at  the  "mak- 
ing-up''  benches.  On  the  detail 
sheet  for  each  panel  is  given  the 
panel  mark,  which  is  stenciled  on  the 
finished  panel,  with  the  number 
wanted  and  floor  on  which  they  are 
to  be  used.  The  sizes  of  the  stock, 
dimensions  and  alterations,  when 
panels  are  to  be  re-used,  should  be 
clearly  marked. 

A  system  of  symbols  as  follows 
is  easily  learned  by  the  workmen 
and  should  be  kept  standard: 

B — Beam  side;  BB — Beam  bot- 
toms ;  F — Floor  slab  panels  :  P — 
Plinth  forms:.  H — Haunch  forms; 
C — Column  sides;  W — Wall  panels. 

Thus  B18  means  beam  side  No. 
18  and  its  location  is  shown  on  the 
key  plan. 

These  detail  sheets  can  be  drawn 
up  entirely  with  soft  pencil  on  paper 
as  they  are  not  valuable  after  the 
forms  are  once  made.  Rubber 
stamps  for  a  great  deal  of  the  let- 
tering will  save  time. 

Where  time  allows  and  plans  are 
complet^t^  it  is  advantageous  to  get 
out  one  kTnd  of  panel  at  a  time.  In 
any  case  the  first  panels  to  be  sent 
to  the  making-up  mill  should  be  typ- 
ical floor  panels.  These  can  be  used 
economically  in  building  foundation 
walls,  etc.,  and  in  this  way  the  job 
can  get  an  extra  use  out  of  them. 

It  is  impossible  to  get  a  satisfac- 
tory cost  unit  for  doing  this  form 
drawing.  A  price  per  sq.  ft.  or  per 
detail  varies  widely,  according  to  the 
number  of  details  required  and  the 
number  of  sq.  ft.  that  can  be  made 
from  one  detail  in  different  build- 
ings. A  big  building,  where  a  large 
duplication  of  the  different  kinds  of 
units  is  possible,  will  cost  much  less 
per  sq.  ft.  for  this  work  than  a  small 
building  which  is  badly  cut  up.  The 
average  cost  per  sheet  has  been 
found  to  be  about  $4.50  complete. 
This  includes  time  spent  on  studies, 
assemblies,  key  plans,  scheduling 
and  checking.    The  number  of  sheets 
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required  on  buildings  of  different 
sizes  of  the  same  type  is  fairly  uni- 
form according  to  the  size.  The 
number  varies  from  SO  sheets  on  a 
small  building  up  to  100  or  more  on 
a  large  building  with  irregularities. 
By  reducing  the  cost  of  the  sheets 
to  drafting  room  hours  by  dividing 
the  probable  total  cost  b_v  the  aver- 
age rate  per  hour,  a  fairly  close  esti- 
mate of  the  number  of  men  required 
to  turn  out  a  job  in  a  specified  time 
can  be  made.  This  is  useful  on  rush 
work. 

The  key  plan  mentioned  above  is 
really  a  diagram  of  the  floor  plan 
upon  which  is  shown  the  location  of 
the  various  form  panels.  This  plan 
is  the  only  one  which  the  workmen 
consult  in  erecting  the  form  work. 
It  must,  therefore,  be  complete  and 
clear. 

This  plan  can  best  be  made  by 
tracing  the  floor  plan  on  cloth  from 
a  blue-print,  indicating  the  beams 
and  holes  in  the  floor  and  the  col- 
umns and  walls  in  the  story  below. 
The  lines  should  be  heavily  inked 
and  the  figures  large  enough  and 
spaced  so  that  the  tracing  can  be 
photo-reduced  to  convenient  size  for 
the  foreman  to  handle  on  the  job. 
A  big  blue-print  is  inconvenient  and 
fades  in  the  strong  sunlight.  As  a 
rule,  to  avoid  misundcrstnadings,  a 
key  plan  should  be  i)repared  for 
each  floor  in  the  building. 

The  key  plan  may  be  supplement- 
ed bv  a  letter  to  the  job  in  which 
should  be  noted  assumptions  made  in 
preparing  the  details.  These  notes 
might  include  such  information  as 
clearances  allowed,  grades  at  which 
forms  are  to  start,  scheme  for  re- 
use, etc. 

Fig.  6  shows  a  convenient  form  to 
use  in  scheduling  the  panels.  A 
schedule  is  made  for  each  different 
kind  of  panels.  This  form  is  espe- 
cially useful  on  a  rush  job  where 
forms  for  one  floor  at  a  time  must 
be  completed.  The  additional  num- 
ber of  each  kind  of  panels  already 
detailed,  to  be  made  up  for  each 
floor  after  the  first,  can  be  shown  on 
this  schedule. 

MATERIALS 

The  materials  to  be  used  for  the 
form  work  should  be  scheduled  from 
the  form  drawings  and  not  ordered 
by  guess,  as  is  so  generally  the  cus- 
tom. If  complete  form  drawings  for 
the  job  are  available  in  time,  it  is 
economical  to  order  even  the  boards 
for  column  and  beam  forms  to  exact 
widths  and  lengths  to  make  up  the 
panels.  This  saves  ripping  and  cut- 
ting off  the  boards  in  the  job  mill, 
where  the  saws  are  often  taxed  be- 
yond their  capacity  at  the  beginning 


of  the  job  getting  out  miscellaneous 
stock. 

It  is  always  desirable  to  get  the 
lumber  in  car-loads  because  of  the 
lower  price.  For  this  reason,  on 
many  jobs,  in  order  to  get  tiie  stock 
in  time  from  mill  shipment,  it  is 
necessary  to  prepare  the  schedule 
from  the  general  assembly  and  tj'pi- 
cal  details. 

The  joists,  girts,  posts,  braces  and 
sills  can  be  taken  from  the  general 
assembly  plan  directly  by  multiply- 
ing the  stock  required  for  a  typical 
bay  by  the  number  of  bays  in  the 
building  and  the  number  of  floors 
of  centering  needed.  Girts  and 
joists  should  be  ordered  edged  in  or- 
der to  obtain  an  even  bearing  for 
these  members. 

The  board  feet  of  Yg-in.  roofers 
for  slab  and  wall  panels  can  be 
taken  off  directly  from  the  sq.  ft. 
of  floor  and  wall  surface,  adding  at 
least  10%  for  waste  and  25%  for 
cleats.  As  these  come  in  random 
lengths  it  is  desirable  to  specify  the 
length  preferred,  so  as  to  get  as  big 
a  percentage  as  possible  of  this 
length. 

One  and  one-half-in.  boards  for 
column  and  beam  sides  and  2-in. 
plank  for  beam  bottoms  should  be 
ordered  P-4-S.  Boards  73^4"  and 
:'>%"  wide  after  planing  are  the 
most  useful  widths  for  beam  and 
column  sides  and  can  be  ordered  in 
random  lengths,  specifying  again 
the  lengths  desired  for  as  big  a  per- 
centage as  possible.  The  best  length 
for  the  majority  of  columns  and 
beam  sides  and  the  best  width  -for 
beam  bottoms  can  be  easily  taken 
from  the  plans  by  one  familiar  with 
form  work. 

Stock  for  beam  cleats  and  column 
yokes  can  be  ordered  rough  and  the 
quantity  can  be  closely  estimated 
from  the  assembly  plan.  Rough 
plank  and  timbers  for  staging  and 
runways  should  also  be  included  in 
the  order. 

By  getting  a  schedule  of  the  form 
lumber  in  this  way  as  soon  as  pos- 
sible  after  the   contract  is   secured. 
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there  is  usually  time  for  a  thorough 
canvass  for  prices  and  delivery.  At 
the  same  time  the  contractor  knows 
tliat  the  quantity  called  for  on  the 
lumber  schedule  takes  care  of  and 
is  suitable  for  the  needs  of  the  job. 
In  this  way  the  very  lowest  price  is 
secured  on  the  majority  of  the  stock 
needed  for  the  building. 

METAL    IN    FORM    WORK 

From  the  assembly  of  the  columns 
and  walls  a  schedule  of  the  number 
and  lengths  of  rods  and  fittings 
needed  for  tying  the  forms  together 
can  be  made  and  the  order  placed 
early. 

Sheet  metal  can  be  used  econom- 
ically in  forming  an  octagonal  head 
at  the  top  of  a  square  column.  When 
the  column  sizes  do  not  change  in 
different  stories  the  design  is  sim- 
ple. AVe  have,  however,  used  suc- 
cessfully one  set  of  metal  heads  on 
square  columns  ranging  from  38"  in 
the  first  story  to  20"  in  the  top 
story.  The  adjustment  was  made 
by  using  a  plate  on  each  side  of  the 
head  in  which  were  punched  lines  of 
bolt  holes  spaced  for  the  reductions. 
Black  sheet  metal,  Xo.  22  ga.,  is 
usually  sufficient  for  these  heads  and 
can  be  easily  worked  by  the  sheet- 
metal  men. 

There  are  several  schemes  of  pat- 
ent adjustable  metal  centering  and 
column  yokes  on  the  market  which 
have  merit  for  particular  cases  and 
should  be  investigated  when  consid- 
ering form  material. 

Corrugated  sheet  metal  for  slab 
forms  can  be  used  economically  on 
some  buildings,  especially  those  of 
the  flat-slab  type.  The  corrugated 
ceiling,  however,  is  objectionable  to 
some  owners.  When  a  large  num- 
ber of  inserts  need  to  be  placed  the 
use  of  metal  sheets  is  of  doubtful 
economy  because  it  is  more  difficult 
to  attach  the  inserts  to  the  metal 
forms. 

The  sheets  are  laid  over  the  wood- 
en joists,  lapping  the  metal  at  the 
ends  and  sides.  These  sheets  can 
be  re-used  many  times  and  re-corru- 
gated on  the  job.  When  unfit  for 
forms  the  sheets  can  still  be  used 
for  concrete  chutes  and  as  siding  for 
temporary  buildings  on  the  job. 


Surface  Treatment' of  Pieaza 
Bridge.     Argentine' 

The  Pieaza  bridge  over  the  Sala- 
da  river  in  the  province  of  Buenos 
Aires,  Argentine  Republic,  consists 
of  a  central  span  of  the  through 
arch  type  of  85'  length  and  six  ap- 

■Abstracted  by  A.  M.  Wolf  from  a  paper 
by  A.  A.  Agramonte,  Assoc.  Mem.  Am.  Soc. 
C.  E.,  in  the  Mav,  1915.  Proceedings  of  the 
Am.  Soc.  C.  E. 
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proach  spans  of  93'  6"  each.  The 
central  span  consists  of  a  floor  sys- 
tem of  transverse  concrete  beams 
and  a  slab  deck  suspended  by  steel 
tension  members  from  two  concrete 
arch  ribs,  each  reinforced  with  a 
structural  steel  skeleton  arch  rib,  the 
ends  of  which  are  connected  by  a 
steel  chord  to  take  the  arch  thrust. 
The  hangers  are  bolted  to  the  chord, 
and  all  tension  members  are  encased 
in  concrete.  Roller  bearings  at  one 
end  provide  for  expansion  and  con- 
traction and  two  transverse  arches 
provide  wind  bracing  and  otherwise 
help  to  make  the  structure  more 
rigid. 

Each  approach  span  consists  of 
three  continuous  reinforced  concrete 
beams  resting  on  three  supports. 
The  central  supports  are  concrete 
pylons,  to  which  the  bearhs  are  rig- 
idly fixed,  while  the  end  supports 
are  masonry  pillars,  steel  bearing 
plates  on  pillars  and  beams,  face  to 
face,  allowing  free  temperature 
movement.  The  floor  and  the  side- 
walk are  carried  on  a  transverse 
beam  and  slab  system. 

The  methods  of  surface  finish  and 
ornamentation  employed  on  this 
structure  are  unique  and  therefore 
of  particular  interest  and  are  here 
given  in  detail. 

Ornamentation — After  concreting 
the  arch  span,  the  masonry  of  the 
central  pillars  was  finished  and  the 
ornamental  designs  at  the  crowns  of 
the  arches  and  at  the  haunches  were 
added  by  grouting  behind  plaster  of 
paris  negatives,  held  in  place  by  wir- 
ing and  bracing.  Granite  mosaic 
work  was  used  to  fill  the  decorative 
triangular  panels  above  the  haunches 
of  the  arch  ribs,  this  mosaic  giving 
a  very  eff'ective  and  beautiful  con- 
trast to  the  concrete. 

Ornamental  brackets  on  the  ap- 
proach spans  were  cast  at  some  dis- 
tance from  the  bridge  site,  on  a 
foundation  of  expanded  metal. 
These  were  hollow  and  carefully 
hammer-dressed  to  resemble  cut 
stone.  They  were  tied  in  place  to 
the  sidewalk  reinforcement  through 
tubes  left  in  the  concrete,  which 
were  afterward  grouted  and  sealed 
from  above. 

Surface  Finish  —  All  masonry 
above  the  level  of  the  coping  was 
plastered  with  1 :2  sand  mortar  and, 
after  hardening,  was  hammer- 
dressed  to  give  the  appearance  of 
cut  stone.  The  copings  were  plas- 
tered with  the  same  mortar  but 
combed  with  a  fine  steel  comb,  to 
give  an  imitation  cut  stone.  This 
method  is  being  eff"ectively  used  in 
Argentine  on  nearly  all  buildings  of 
architectural  merit. 

Below   the   coping    level    a    rough 


granolithic  surface  was  secured  by 
first  making  longitudinal  grooves 
with  cement  mortar  and,  when  these 
were  hard,  plastering  between  the 
grooves  with  granite  chips  and  sub- 
sequently cleaning  the  surface.  This 
produces  a  granite  surface  which  re- 
flects the  light  and  is  broken  by 
smooth,  horizontal  lines,  a  combina- 
tion which  contrasts  well  with  the 
smooth  pylon  columns. 

The  exposed  sides  of  the  approach 
spans  were  left  rough  and  scrubbed 
with  wire  brushes;  then  a  coarse 
sand  mortar  was  rubbed  on  the  rough 
surface  with  the  aid  of  small  grind- 
stones, two  coats  being  applied,  the 
second  on  the  first  before  it  had 
set.  In  this  way  a  hard,  imperme- 
able, rough  surface  was  obtained, 
which  at  a  distance  of  about  10' 
can  hardly  be  distinguished  from 
the  hammer-dressed  portions.  In 
this  connection  it  is  pertinent  to  call 
attention  to  the  fact  that  a  surface 
of  uniform  color  and  texture  was 
desirable  because  the  necessary  use 
of  difl^erent  cements  on  different 
spans  had  produced  a  variety  of 
shades,  not  at  all  pleasing,  and  this 
finish  corrected  this  defect. 

The  upper  and  the  lower  surfaces 
of  the  arch  ribs  were  finished 
smooth,  while  the  hangers  and  ten- 
sion members  were  plastered  on  the 
picked  concrete  in  order  to  obtain 
the  curves  of  the  design.  The  sides 
of  the  arch  ribs  were  well  picked 
and  then  plastered  with  fine  granite 
chips  and  wire-brushed  12  hrs.  af- 
terward to  remove  the  cement  coat- 
ing, a  fine  and  very  satisfactory 
granolithic  surface  being  obtained. 
The  under  surfaces  were  simply 
washed  with  cement  to  produce  a 
uniform  tone. 

In  all  cases  the  objects  were  to 
obtain  a  uniform  tone,  to  break  up 
the  light,  and  at  the  same  time,  to 
avoid  monotony  in  the  appearance 
of  the  diff'erent  classes  of  surface. 
These  objects  were  achieved,  al- 
though, as  the  granite  used  is  of 
exactly  the  same  color  as  the  cement, 
far  greater  and  more  pleasing  con- 
trasts could  have  been  obtained  with 
an  aggregate  of  a  different  color. 

The  appearance  of  the  bridge  is 
pleasing,  a  near  view  giving  an  idea 
of  massiveness,  while  at  3,000'  an 
impression  of  extreme  lightness  is 
conveyed.  After  a  year  of  sun,  frost 
and  floods  a  few  cracks  have  ap- 
peared in  the  mortar  plastering,  but 
always  near  or  at  expansion  joints 
or  bearings  of  the  concrete  beams 
and  these  in  all  cases  have  been  due 
to  the  fact  that  the  plastering  of  the 
brickwork  was  not  isolated  complete- 
ly, by  cutting  from  the  movable 
beam  surfaces. 
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Further  Consideration  of  Road  Con- 
ference Committee  Reports 


FollowitHj  is  a  continuation 
of  the  suininarization  of  the 
reports  of  connnittees  of  the 
Second  National  Conference  on 
Concrete  Road  linildinj/  as  be- 
gun in  the  March  1916,  issue. 
Every  road  builder  will  profit 
by  a  careful  consideration  of 
the  ideas  dereloped  by  this  large 
and  capable  body  of  road  en- 
gineers. 


Committee   8  —  Mixing 
and  Placing:  Concrete 

C  II  A  I  K  M  A  X,  Ernest  McCul- 
LouGii  ;'^  John  Wilson,"  Ernest 
AsHTON/''  G.  E.  Scott/  A.  D.  Wil- 
liams.'' 

The  Committee  on  Mixing  and 
Placing  Concrete  not  only  took  up 
more  in  detail  the  matter  of  consist- 
ency which  was  also  considered  by 
Coniniitt-ce  7.  but  went  into  the  de- 
tails ot"  placing  concrete  in  various 
consistencies  and  by  a  series  of  tests 
determined  something  of  the  value 
of  various  mixtures  and  consisten- 
cies and  the  strength  given  in  the 
resulting  concrete.  •  The  report  of 
this  committee  is  particularly  inter- 
esting in  view  of  the  fact  that  tlie 
committee  considering  this  same 
phase  of  concrete  road  construc- 
tion in  the  first  conference  on  con- 
crete road  construction  two  years 
ago  went  on  record  in  favor  of  the 
boom  and  bucket  method  of  placing 
concrete  as  against  the  chute  method. 
The  committee  two  years  ago  was  of 
the  belief  that  in  order  to  place  con- 
crete successfully  with  the  chute  it 
was  necessary  to  have  it  too  wet  to 
get  good  results  in  road  construc- 
tion, while  the  present  committee  de- 
clared itself  more  or  less  neutral  on 
this  subject  but  opposed  to  the  use  of 
horse  carts  in  distributing  concrete 
and  also  against  the  use  of  wheel- 
barrows and  handcarts,  as  the  latter 
require   more    time    to    complete    the 


^Consult.  Engr.,  Chicagro 

-Consult.  Engr.,  Duluth,  Minn. 

'Cliem.  EnKi-.,  Lehigh  Portland  Cement  Co., 
Allentown,   Pa. 

<Contr.  Engr.,  Nor\valk,  Ohio 

Thf.  Engr.,  W.  Va.  State  Road  Bur.,  Mor- 
gantown,  W.  Va. 
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work  of  depositing  conerele  for  a 
single  slab  than  is  consistent  with 
good  practice.     The  committee  says: 

We  can  see  no  reason  for  favoring 
niic  method  over  the  other.  Good  results 
have  been  reported  by  men  using  chutes 
and  good  results  have  been  rc|)orted  by 
lucn  using  the  bucket  and  boom  melhod 
for  distribution.  It  is  believed,  however, 
tluit  when  buckets  are  used  the  prefer- 
able type  is  one  that  dumps  by  over- 
turning. Many  u.sers  reported  that  buck- 
ets discharging  by  the  opening  of  flap 
doors  in  the  Itottom  had  to  be  watched 
carefully  so  that  stones  would  not  so 
lodge  as  to  prevent  closing.  Unless  the 
bottom  is  closed  completely  there  is 
serious  leakage  of  thin  rich  material. 

It  seems  here  that  further  "inves- 
tigation will  be  necessary  to  deter- 
mine this  point  in  view  of  the  way 
the  matter  of  consistency  is  taken 
care  of  further  on  in  the  same  re- 
port. The  danger  of  leakage  by  a 
thin  mix  would  not  be  great  if  the 
mixture  were  of  the  consistency  rec- 
ommended. Then.  too.  the  difliculty 
from  stones  lodging  in  the  door  at 
the  bottom  of  dump  buckets  would 
depend  a  great  deal  upon  the  con- 
struction of  those  doors  and  the 
way  in  whicli  they  open  and  close. 
It  seems  that  further  consideration 
of  this  subject  will  be  necessary  to 
form  any  valuable  opinion  on  this 
particular  phase  of  mixer  construc- 
tion. In  arriving  at  its  present  at- 
titude as  to  the  value  of  the  chute 
in  placing  concrete  in  concrete  road 
construction,  the  committee  acknowl- 
edges the  co-oper.ation  of  the  T.  L. 
.Smith  Co."  in  a  series  of  tests  using 
its  new  high  drum  mixer  with  chutes 


Fig.  1 — Tamper  for  Coxchete  Roads 

Fig.  3 — F.xd  of  Strikeboard,  Showixg 
Shoe  for  Ridixg  the  Form,  axd  Han- 
dles 


for  placing  the  concrete.  In  con- 
nection with  this  test  the  committee 
recommends  that  the  chute  method 
of  distributing  concrete  for  mixers 
is  good  when  properly  used.  The 
committee  recommends  that  the  in- 
cline of  the  chute  Ix;  steep  enough 
to  deliver  concrete  of  proper  con- 
sistency. The  committee  points  out 
that  if  a  contractor  attempts  to  cov- 
er a  considerable  area  with  his  chute 
he  is  liable  to  work  the  chute  at  too 
flat  an  angle  and  to  use  too  much 
water  in  order  to  make  the  concrete 
flow  readily.  The  committee  be- 
lieves, as  a  result  of  the  tests  men- 
tioned, that  the  incline  should  be 
approximately  20°  and  the  maximum 
amount  of  water  should  be  6  lbs.  to 
1  cu.  ft.  loose  material.  With  this 
quantity  of  water,  concrete  ordinar- 
ily would  not  flow  fast  enough  for 
the  average  contractor  on  the  20° 
slo))e  recommended,  but  after  a 
little  time  the  material  flows  faster 
owing  to  the  smoothing  of  the  chute 
by  the  grinding  and  cleansing  action 
of  the  wet  concrete.  It  is  better  to 
increase  the  pitch  of  the  chute  than 
to  increase  the  amount  of  water. 

a  strikeboard 

A  part  of  the  re)>ort  of  this  com- 
mittee was  taken  up  with  the  sug- 
gestion as  to  a  strikeboard  used  in 
the  manner  of  a  tamper  to  give  a 
firmer  and  more  dense  surface  than 
can  be  secured  from  the  shearing 
action  of  the  ordinary  strikeboard. 
This  tamper  for  concrete  road  work 
was  used  by  G.  E.  Scott,  a  member 
of  the  committee,  on  his  own  work 
and  it  has  given  satisfaction.  It  is 
shown  in  the  accompanying  illustra- 
tion. The  construction  is  simple,  the 
strikeboard  being  crowned  slightly 
in  excess  of  the  finished  road  re- 
quirements, while  the  tamper  is  fin- 
ished to  the  exact  cross-section  of 
the  finished  road.  After  the  concrete 
is  struck  off"  in  the  usual  way  for 
10'  or  15'.  the  center  being  left 
slightly  high,  the  tamper  is  used  by 
two  men  and  moved  forward  a  few 
inches  at  each  application  until  the 
strikeboard  is  reached.  In  addition 
to  giving  the  benefits  of  tamping  for 
density  this  brings  the  moisture  to 
the  surface,  so  that  very  little  float- 
ing is  necessary  to  secure  a  nicely 
finished  road.  Mr.  Scott  claims  no 
originality  for  the  device  but  be- 
lieves that  it  will  prove  as  satisfac- 
tory to  others  as  it  has  been  to  him. 
This,  however,  is  somewhat  at  vari- 
ance with  the  opinions  expressed  in 
other  reports  and  during  the  discus- 
sion of  other  reports  in  connection 
with  the  value  of  hard  aggregate  at 
the  surface  of  the  concrete  road.  It 
seemed   to   be   Mr.   .Scott's   idea   that 
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the  mortar  should  be  brought  to  the 
surface  to  make  finishing  easier, 
while  the  general  opinion  is  that  the 
aggregate  should  be  kept  as  near 
the  surface  as  possible  to  stand  the 
actual  wear  caused  by  traffic,  rather 
than  the  mortar  which  binds  and 
holds  it  in  place. 

TEST    OF   HIGH    DRUM    MIXER 

The  report  of  Committee  8  in- 
cludes a  detailed  account  of  tests 
made  with  the  high  drum,  chute  de- 
livery mixer  of  the  T.  L.  Smith  Co." 
In  connection  with  the  account  of 
these  tests  the  committee  said  that  it 
hoped  that  before  the  next  confer- 
ence all  of  the  leading  mixer  manu- 
facturers will  have  arranged  for  a 
test  of  a  battery  of  mixers  of  the 
principal  types.  Such  a  test,  the 
committee  says,  should  be  arranged 
so  that  loose  materials  could  be  sent 
to  various  mixers  from  one  bin  in 
certain  predetermined  quantities  and 
mixed  for  the  same  length  of  time  in 
each  mixer.  They  should  also  con- 
sider the  size  and  shape  of  mixer 
<lrums.  the  form  of  mixer  blades  and 
all  the  prominent  features  which 
now  enable  salesmen  to  put  forward 
selling  arguments  in  favor  of  a  par- 
ticular mixer.  The  committee  says 
that  until  such  a  comprehensive  bat- 
tery test  can  be  made  the  committee 
believes  that  the  following  points 
should  be  observed  in  mixing  con- 
crete for  road  work: 

1.  The  mixer  drum  should  revolve  at 
a  speed  not  exceeding  16  r.  p.  m. 

3.  The  minimum  number  of  revolu- 
tions for  each  batch  should  he  10. 

3.  The  minimum  lenjith  of  time  for 
mixing  each  batch  shoulii  be  1  min. 

In  experiments  in  mixing  for  vari- 
ous lengths  of  time,  the  committee 
found  that  water  was  not  worked 
through  the  mass  in  less  than  1  min. 
A  much  smaller  quantity  of  water 
can  be  used,  the  committee  reported, 
with  long  time  mixing  than  with 
short  time  mixing  and  the  same  de- 
gree of  fluidity  obtained.  The  com- 
mittee considered  it  necessary  to 
have  each  batch  mixed  no  less  than 
1  min.  if  the  amount  of  water  men- 
tioned as  a  maximum  is  to  be  used. 

While  this  feature  has  not  here- 
tofore been  considered  to  any  great 
•extent  in  road  construction,  it  is  com- 
monly known  in  concrete  stone  man- 
ufacture, particularly  in  the  use  of 
sand  molds,  that  long  mixing  is  ne- 
cessary to  get  an  even  distribution 
of  the  water  and  an  even  flow  of  the 
material.  The  committee  found  that 
when  the  batches  were  mixed  for 
less  than  1  min.,  the  discharge  was 
■uneven  and  there  was  a  marked  dif- 
ference between  the  first  and  the  last 
concrete  discharged  from  the  chute. 
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In  ordinary  work,  owing  to  the  very 
large  quantity  of  water  used  per 
batch,  this  has  not  been  marked 
enough  to  cause  comment.  Rapid 
mixing  requires  considerable  water 
to  secure  uniformity  in  the  appear- 
ance of  the  mixed  concrete  and  as 
the  quality  of  concrete  is  usually 
fixed  by  the  eye  too  much  water  has 
been  used. 

The  tests  at  the  Smith  plant  were 
made  by  the  following  men:  Ernest 
McCullough,  John  Wilson,  G.  E. 
Scott,  Prof.  R.  P.  Davis,  all  mem- 
bers of  the  committee,  and  H.  J. 
Kuelling,'  W.  M.  Kinney'  and  C. 
M.  Powell,"  besides  numerous  offi- 
cers and  employees  of  the  manufac- 
turing company. 

Specimens  were  tested  by  Prof. 
Duff  A.  Abrams.'"  Tests  were  made 
with  hydrated  lime  added  to  the 
mixture  and  these  were  commented 
upon  by  Mr.  Ashton  in  an  appendix 
to  the  report.  It  was  noted  in  mak- 
ing the  test  specimens  that  there  was 
a  tendency  for  water  to  appear  on 
the  surface  of  the  hydrated  lime  cyl- 
inders soon  after  they  were  struck 
off.  This  may  be  objectionable,  pro- 
viding a  finished  surface  is  required, 
but  more  tests  should  be  made  with 
concrete  containing  hydrated  lime 
before  conclusions  can  be  drawn. 

A  few  tests  were  made  of  time 
of  mixing.  The  half-minute  batch 
was  too  dry  to  flow.  The  quarter- 
minute  batch  came  out  very  dry  at 
first  and  very  wet  at  the  end. 
No  sample  was  taken.  The  other 
batches  were  all  right  but  very  stifl!", 
making  what  was  considered  the 
ideal  consistency.  They  had  to  be 
assisted  down  the  20°  slope.  It  was 
noticed  that  the  longer  the  time  of 
mixing  the  more  uniform  the  distri- 
bution of  water.  The  mixer  used 
was  the  Smith  Chicago  Paver  No. 
507,^'^  the  capacity  being  7  cu.  ft. 
per  batch  (wet  batch  rating).  A 
12-ft.  chute  was  used  and  for  prac- 
tically all  of  the  work  the  entire 
length  was  utilized,  the  concrete 
dropping  to  a  steel  plate  from  which 
it  was  shoveled  into  the  molds.  An 
automatic  device  measured  every 
batch  of  water  going  into  the  mixer 
drum. 

In  conclusion  the  committee  says 
in  part: 

The  mixer  throughout  was  operated  at 
the  rate  of  14  r.  p.  m.     If  the  suggested 

'Highway  Commr.  of  Milwaukee  Co.,  Wis. 
"Insp.    Engr.,    Universal    Portland    Cement 


"Prof,   in   Chg.   of  Structural   Mat.   Testing 
Laboratory,   Lewis  Institute,  Chicago 

"T.  L.  Smith  Co.,  Milwaukee 


battery  mixer  tests  are  made  through  the 
collective  enterprise  of  a  number  of  man- 
ufacturers the  disputed  question  of  r.  p. 
m.  should  be  settled.  Your  committee 
believes  it  well  to  call  attention  to  the 
fact  that  chutes  shorter  than  20'  should 
not  be  confused  with  concrete  spouting 
devices  several  times  as  long.  The  latter 
are  at  present  on  trial;  the  short  chute 
is  an  ancient  device.  Your  committee 
cannot  report  in  favor  of  the  bucket  and 
boom  as  opposed  to  the  chute,  nor  can 
it  say  the  chute  is  better.  There  should 
be  no  preference  expressed  for  either  on 
the  score  of  improved  quality  of  con- 
crete. Other  considerations  will  prob- 
ably influence  the  selection  of  either 
type. 

An  analysis  of  the  tests  and  ex- 
periments made  reveals  the  fact  that 
the  ideal  mixture  of  concrete  for 
road  construction  could  not  be  han- 
dled in  the  equipment  available,  it 
being  too  dry  and  sticky.  This  ideal 
mixture  for  road  construction  is  very 
stiff  and  pasty.  In  the  committee 
tests  this  ideal  mixture,  No.  1,  con- 
tained 4.6  lbs.  of  water  per  cu.  ft. 
of  loose  material ;  No.  2  contains  5.2 
lbs.  of  water,  and  No.  3  contains  6 
lbs.  It  was  found  that  6.5  lbs.  of 
water  per  cu.  ft.  of  loose  material 
was  too  much  and  gave  a  surplus  of 
water  on  the  surface  of  the  concrete 
when  it  was  placed.  The  amounts 
of  water  are  to  be  considered  here 
strictly  as  having  been  used  with  a 
mixture  consisting  of  1  cu.  ft.  of  ce- 
ment, 2  cu.  ft.  of  sand  and  S  cu.  ft. 
of  gravel,  stone  being  1-in.  and  un- 
der. Larger  stone  in  the  mixture 
would  undoubtedly  require  less  wat- 
er to  give  it  a  like  consistency. 
These  amounts  of  water  cannot  be 
considered  as  absolutely  standard, 
however,  because  it  is  well  known 
that  there  are  wide  variations  in  the 
moisture  contained  in  materials  as 
used  on  the  work.  There  will  be 
considerable  variations  between  the 
stone  and  sand  which  have  been 
placed  on  the  sub-grades  for  some 
time  before  work  begins  in  very  hot 
dry  weather  and  stone  and  sand  on 
the    sub-grade    immediately    after    a 


Tests  with  hydrated  lime  in  the 
mixture  to  the  extent  of  5%,  10% 
and  1 5  %  by  weight  of  the  cement, 
showed  that  there  was  no  greater 
freedom  of  movement  in  the  mixed 
concrete  without  increasing  the  quan- 
tity of  water  in  the  mixture.  This 
might,  however,  have  been  expected, 
as  it  is  known  that  hydrated.  lime 
takes  up  considerable  moisture  and 
that  in  order  to  make  available  the 
quality  of  lubrication  which  hydrat- 
ed lime  is  said  to  give,  it  is  neces- 
sary to  use  enough  water  to  satisfy 
the  lime  content  of  the  mixture.  In 
the  use  of  hydrated  lime  it  seems 
important  to  learn  whether  the  mois- 
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ture  taken  up  by  the  Iiydrated  lime 
is  actually  used  in  the  concrete  mix- 
ture in  the  Iiydration  of  cement  or 
left  on  the  surface  after  tlie  con- 
crete is  placed  and  struck  off;  also 
wlietliir  the  moisture  is  given  up 
rapidly  or  the  iiydrated  lime  takes 
the  water  in  surplus  to  be  given  off 
later  on,  resulting  in  considerable 
contraction  due  to  the  escape  of  the 
moisture.  The  committee  did  find 
that  Iiydrated  lime  prevented  seg- 
regation of  the  materials. 

In  connection  with  the  report  of 
the  committee,  Chairman  MeCul- 
lough  gave  it  as  his  opinion  that  it 
was  a  good  idea  to  have  some  water 
in  the  drum  before  the  dry  materi- 
als enter  it.  He  also  mentioned  that 
there  sliould  be  some  way  of  count- 
ing the  revolutions  of  tiic  drum  and 
that  a  means  might  be  devised  for 
a  mechanically  operated  discharge. 
It  was  pointed  out  in  the  course  of 
the  discussion  of  the  report  that  the 
chute  to  some  extent  encourages  the 
use  of  a  wet  mix.  Xortnan  G. 
Hough'-  said  a  word  in  favor  of 
hydrated  lime  in  pointing  out  that 
the  conniiittec's  report  that  the  hy- 
drated lime  made  the  mixture  more 
sticky  is  obvious  because  no  greater 
quantity  of  water  was  used  in  the 
mixture  wlien  hydrated  lime  entered 
it.  He  said  that  one  of  the  prin- 
cipal values  of  the  hydrated  lime  in 
the  mix  is  a  retention  of  a  larger 
"quantity  of  water  to  aid  in  further 
hydrating  the  cement. 

Tlie  exact  value  of  the  material, 
however,  in  this  regard  will  undoubt- 
edly have  to  be  determined  by 
further  tests.  In  the  comments  on 
the  use  of  hydrated  lime,  Ernest 
Ashton  said : 

1.  Xo  srreater  freedom  of  movement 
of  the  mass  was  noticed;  in  point  of 
fact,  as  the  lime  was  increased,  more 
ditTiculty  was  experienced  in  getting  tlie 
material  into  the  test  forms. 

5.  The  «ork  done  shows  that  with 
same  anjrle  and  same  percentage  of  wat- 
er concrete  did  not  flow  more  readily 
by  the  addition  of  hydrate  of  lime  and 
as  the  percentage  of  hydrate  of  lime 
was  increased  the  mass  became  more 
sticky  and  did  not  flow  so  readily. 

3.  By  far  the  most  important  observa- 
tion made  was  that  tlie  addition  of  hy- 
drate of  lime  did  prevent  segregation 
and  so  much  so  as  to  make  this  the  big- 
gest gain  that  can  be  gotten  from  the 
use  of  this  ingredient. 

The  number  of  specimens  made  was 
too  small  to  make  an  adequate  interpre- 
tation of  actual  values,  and  it  is  the  in- 
tention of  the  committee  to  carry  on 
this  year  a  more  extensive  investigation 
as  to  the  value  of  adding  hydrated  lime. 
In  this  connection  we  call  attention  to 
the  fact  that  the  Bureau  of  Standards, 
at  Pittsburgh,  has  already  started  some 
worlc  along  this  line. 

■2Mgr.,   Hydrated   Lime  Bur.,  rittsburgh 
April,  1916 


Committee  9 — Rein- 
forcement 

Chairman,  Richard  I..  Hum- 
phrey;' Leonard  S.  Smith,-  J.  S. 
McCuLLOuoii/'  Richard  L.  Saun- 
ders,'' R.  M.  Hudson'' 

In  view  of  the  fact  that  the  Com- 
mittee on  Reinforcement  iirought  in 
as  its  major  recommendation  that 
all  concrete  roads  shall  be  rein- 
forced, the  discussion  of  this  report 
was  very  lively  indeed  and  tlie  con- 
ference as  a  whole  finally  expressed 
as  its  opinion  in  the  matter  that: 
"Generally  speaking,  reinforcing  is 
justified."  The  report  of  the  com- 
mittee on  reinforcement  of  con- 
crete roads  of  the  First  National 
Conference  on  Concrete  Road  Build- 
ing held  at  Chicago  in  Feb.,  191 4) 
made  as  its  closing  recommendation 
that  reinforcement  should  be  about 
"jn  of  1%  per  ft.  of  width  of  pave- 
ment. It  would  appear  from  the 
report  itself  and  the  discussion  that 
followed  the  report  at  the  recent 
conference  that  while  there  is  more 
information  available  than  there  was 
two  years  ago  on  the  subject  of  re- 
inforcing concrete  roads  this  infor- 
mation has  not  had  a  tendency  to 
clarify  the  situation  and  to  make 
for  a  definite  understanding  of  the 
reinforcing  subject.  This  situation 
is  emphasized  also  by  the  fact  that 
the  report  of  the  Committee  on 
Road  and  Pavement  Specifications 
of  the  Am.  Concrete  Inst.,  A.  N. 
.Tohnson.  Chrmn.,  made  no  recom- 
mendation at  all  as  to  reinforcing 
but  struck  out  the  former  pro- 
visions of  the  Institute  specifica- 
tions as  to  reinforcing,  and  Mr. 
.lohnson,  as  chairman  of  the  com- 
mittee, indicated  very  frankly  that 
no  one  on  the  committee  or  any  of 
the  scientific  men  consulted  by  the 
committee  felt  that  he  could  offer 
any  definite  advice  either  as  to  the 
quantity  of  reinforcing,  the  kind  of 
reinforcing,  or  where  the  reinforce- 
ment should  be  placed. 

The  Road  Conference  Committee's 
recommendations  are: 

RECOMMEN'DATIOXS    FOR     HETKFORCIXG     CON- 
CRETE   ROADWAYS 

Reiiiforcina — All  concrete  roads  shall 
be  reinforced.  The  joints  shall  not  be 
nearer  than  75'. 

Reinforcement  —  The  reinforcement 
shal^  have  at  least  the  following  weights 
per  100  sq.  ft.,  and  areas  per  ft.  of 
width  and  length: 


'Consult.  Engr.,  Philadelphia 
=Prof.    of    Hisliway    Engrg.,    University    of 
Wisconsin.  Madison,  Wis. 
=City  Engr..  Fond  du  Lao,  Wis. 
•Deputy  Highway  Commr..  Hartford,  Conn. 
'^Contr.,  Atlanta,  Ga. 


EfTeothc  Area  Effective  .\rea 

Wei(?lil  per  sq.  in.  per  sq.  In.  per 

Width      100  sq.ft.  ft.  In  width  ft.  in  length 

10                 40  0.000  0.030 

20                    *i  0.100  0.0.10 

30                    no  0.120  0.080 

40                    60  O.IJO  0.030 

The  reinforcement  shall  be  placed  not 
nearer  than  3"  of  the  wearing  surface 
of  the  roadway  and  shall  extend  within 
2"  of  all  joints.  Side  laps  shall  be  not 
less  than  6"  and  where  end  laps  are 
necessary  they  shall  not  be  less  than  12". 

The  maximum  spacing  of  all  reinforce- 
ment shall  not  exceed  12".  The  mini- 
mum mesh  of  metal  fabric  shall  not  be 
less  than  2". 

The  cross-.seetional  efFeetlve  area  of 
diagonal  reinforcement  shall  be  comput- 
ed on  the  sine  of  the  angle  between  the 
axis  of  the  reinforcement  and  the  sec- 
tion parallel  to  or  at  right  angles  to  the 
axis  of  the  road. 

All  reinforcement  shall  be  free  from 
rust  scale,  paint  or  coatings  of  any  char- 
acter which  would  tend  to  reduce  or  de- 
stroy the  bond. 

Each  member  of  the  reinforcement 
shall  develop  a  tensile  strength  of  not 
less  than  C,5,000  lbs.  per  s<\.  in.  and  an 
elastic  limit  of  not  less  than  35,000  lbs. 
per  sq.  in.  and  be  capable  of  bending 
180°  around  a  pin  of  one  diameter  and 
straightening  witliout  fracture. 

Placing  of  Reinforcement — The  rein- 
forcement shall  he  so  placed  as  to  be 
perfectly  flat  and  free  from  objection- 
able bends  or  kinks. 

Where  metal  fabric  is  used  the  sheets 
shall  be  placed  at  right  angles  to  the 
axis  of  the  road,  shall  be  fastened  or 
tied  together  so  as  to  keep  them  in  the 
same  plane,  and  .so  that  the  diagonal 
members  of  adjacent  sheets  shall  cross 
each  other  at  the  splice.  The  reinforce- 
ment shall  be  placed  accurately  and  the 
metal  fabric  held  in  place  through  the 
use  of  metallic  pins  pointed  at  one  end 
and  with  a  hook  at  the  other,  which 
shall  be  so  driven  into  the  sub-ba,se  as 
to  hold  the  reinforcement  in  its  proper 
plane. 

The  reinforcement  must  not  be  placed 
upon  hardened  concrete  but  must  be  so 
placed  in  the  green  concrete  that  the  en- 
tire mass  w'ill  harden  without  a  seam  in 
the  plane  of  the  reinforcement. 

The  reinforcement  shall  be  so  stored 
on  the  work  as  to  protect  it  from  the 
action  of  the  elements  which  would  cause 
objectionable  corrosion,  and  it  must  be 
kept  clean. 

In  the  discussion  that  followed 
the  report  of  the  committee,  it  de- 
veloped that  in  a  number  of  in- 
stances in  which  concrete  roads  had 
been  reinforced,  cracks  were  very 
few  and  far  between,  yet  the  fact 
was  presented  with  equal  force  that 
in  other  places  in  which  concrete 
roads  had  not  been  reinforced  just  as 
satisfactory  results  had  apparently 
been  obtained.  T.  H.  Johnson"  rose 
to  ask  the  question:  "If  reinforce- 
ment is  to  prevent  cracks  in  the  con- 
crete road  and  does  not  prevent  the 
cracks,  why  reinforce.'"  He  said 
that  in  Sioux  City  they  had  long 
stretches  of  road  without  any  rein- 
forcing   which    were    also    without 


«City  Engr.  of  Sioux  City,  la. 
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cracks.  It  was  pointed  out  by  Maj. 
Frees  that  the  additional  cost  of  a 
pavement  with  reinforcing  would  go 
a  long  way  to  maintain  the  cracks 
which  developed  in  the  road  if  it 
were  not  reinforced.  It  was  gener- 
ally admitted  that  reinforcing  can- 
not be  depended  upon  to  prevent  all 
cracks  in  concrete  paving,  that  the 
tendency  is  merely  to  divide  up  the 
cracks  and  that  instead  of  one  large 
crack  there  may  be  several  very 
small  ones  that  apparently  do  no 
harm  in  the  road  and  yet  which,  as 
it  was  jjointed  out,  might  leave  an 
opening  for  the  penetration  of  mois- 
ture to  the  sub-grade,  where  still 
greater  harm  might  be  done.  If  the 
cracks  were  wide  enough  to  be  no- 
ticed easily  they  would  be  main- 
tained properly  to  prevent  the  pene- 
tration of  moisture  to  the  sub-grade. 
While  there  were  strong  advocates 
of  reinforcing  there  persisted  many 
strong  advocates  of  the  plain  con- 
crete road.  Many  took  the  view  that 
reinforcing  was  not  only  unneces- 
sary in  order  to  obtain  good  results 
because  of  the  small  cracks  which 
developed  (in  place  of  the  large 
ones  that  are  maintained)  but  added 
that  the  reinforcing  might  actually 
be  a  detriment  to  the  road.  The 
committee's  reference  to  the  speci- 
fications of  the  Am.  Concrete  Inst, 
will  not  apply  now  in  view  of  the 
fact  that  the  changes  presented  bv 
the  Institute  committee'  tliis  year, 
leave  out  any  definite  recommenda- 
tion as  to  reinforcing  and.  as  Chnin. 
Johnson  humorously  put  it:  "Any- 
thing will  now  be  acceptable  to  the 
committee  as  reinforcement  for  con- 
crete roads  from  a  railroad  tie  to  a 
bed  spring." 

A  resolution  was  adopted  to  the 
effect  that  the  conference  was  not 
in  agreement  with  the  report  of  the 
Committee  on  Reinforcing  and  that 
the  matter  of  reinforcing  should  be 
left  to  the  discretion  of  the  engi- 
neers in  charge  of  the  particular 
work.  Here  again  it  was  maintained 
by  the  committee  that  the  Confer- 
ence could  not  change  a  committee's 
report,  but  such  resolutions  as  it 
might  adopt  would  be  presented  to 
the  Committee  on  Resolutions  for 
consideration  in  connection  with  the 
reports  of  the  committees. 


Where  relief  is  sought  from  plain 
concrete  surfaces  in  residence  and 
other  building  construction,  colored 
tile  inserts  give  a  pleasing  result. 
Judgment  should  of  course  govern 
the  number  of  the  inserts  and  the 
variety  of  color.  A  few  tile  well 
placed  add  considerable  beauty  to 
the  work. 

'See  Mar.,  1916,  issue,  p.  121 
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Committee  10  —  Joint 
Location  and  Con- 
struction 

Chairjian,  George  A.  Richer  ;'^ 
H.  J.  KuELLixG,-  Fred  C.  Smith/ 
E.  D.  Boyer/  Austin  W.  Summers' 

The  report  of  the  Committee  on 
.Joint  Location  and  Construction  is 
so  brief  that  it  is  given  here  in  full : 

(A)  1.  In  the  present  state  of  the  art 
of  building  concrete  pavements,  joints 
seem  to  be  necessary  and  unavoidable. 

(B)  1.  Your  committee  is  of  the  opin- 
ion that  transverse  joints  should  be  lo- 
cated in  concrete  road  pavements  not  less 
than  35'  nor  more  than  50'  apart. 

3.  We  note  that  under  favorable  con- 
ditions, particularly  where  reinforced 
with  embedded  metal,  longer  sections  of 
pavement  have  been  successfully  used. 

3.  In  suburban  roads,  in  what  may  be 
termed  single-track  pavements,  joints 
should  not  be  placed  more  than  33' 
apart;  for  widths  that  may  be  termed 
double-track  roads,  .50'  spacing  will  gen- 
erally be  found  satisfactory. 

1.  Results  of  pi-actice  seem  to  indi- 
cate that  structural  stability  of  road  con- 
crete is  secured  when  the  slab  in  length 
is  approximately  three  times  its  width. 

5.  Where  concrete  is  laid  50'  or  more 
in  width,  as  street  pavement  in  villages 
or  cities,  transverse  joints  not  more  than 
25'  apart  are  recommended. 

(C)  1.  Transverse  joints  should  be  not 
less  than  V-i"  nor  more  than  %"  in  width 
and  should  be  placed  across  the  pave- 
ment at  right  angles  to  the  center  line. 

2.  Where  curbs  are  used,  a  longitudi- 
nal joint  not  less  than  %"  wide  should 
be  placed  between  the  curb  and  tlie 
pavement. 

3.  All  joints  should  extend  through 
the  entire  thickness  of  the  pavement,  and 
it  is  most  important  that  they  be  con- 
structed in  a  plane  perpendicular  to  the 
surface  in  order  to  prevent  lifting  or 
sbpping  of  one  side  or  the  other,  espe- 
cially on  grades. 

(b)  1.  Careful  spading  of  tlie  mix- 
ture, in  placing,  next  to  the  joints  is 
urged,  and  the  use  of  a  suitably  designed 
edging  tool  is  recommended. 

(E)  1.  Protection  of  transverse  joints 
in  concrete  by  the  use  of  metal  plates  is 
not  reeommended. 

2.  Your  committee  recosnizes  that  the 
practice  regarding  protection  of  joint  is 
not  uniform  and  competent  engineers 
and  road  builders  differ  upon  the  ques- 
tion of  the  necessity  for  the  use  of  metal 
plates. 

(F)  1.  Your  committee  recommends 
that  a  suitable  pre-formed  joint  filler  be 
used  and  that  said  filler  should  be  made 
of  some  plastic  material  that  will  remain 
soft  in  cold  weather  and  will  not  run  in 
warm  weather. 

The  paragraph  which  says:  "Pro- 
tection of  transverse  joints  in  con- 


lEx-First  Deputy  Commr.,  N.  Y.  State  High- 
way Comm.,  Albany,  N.  Y. 

=Co.  Highway  Commr.,  Milwaukee  Co.,  Mil- 
waukee 


'Engr..     .Atlas     Portland     Cement    Co.,     30 
Broad   St..   N.   Y.  C. 
=Contr.,    1010  Morgan   BItlg.,   Buffalo 


Crete  by  the  use  of  metal  plates  is 
not  recommended,"  provoked  a  very 
lively  discussion,  inasmuch  as  the 
advocates  of  metal  protection  plates 
in  concrete  road  construction  did  not 
want  it  to  be  of  record  that  the  Sec- 
ond National  Conference  on  Con- 
crete Road  Building  had  definitely 
o])posed  the  use  of  such  plates. 

Inasmuch,  however,  as  b\^  the 
rules  of  Conference  the  reports  of 
committees  represent  merely  the 
opinions  of  those  committees  and  are 
not  subject  to  revision  by  the  Con- 
ference as  a  whole,  the  statement  of 
the  committee  was  allowed  to  stand. 
It  was  urged  particularlj'  by  those 
commercially  interested  in  steel  pro- 
tection jjlates  that  under  present 
methods  of  installing  these  plates 
much  better  results  are  to  be  antici- 
pated than  formerly  when  the  plates 
were  not  put  in  so  as  to  conform  to 
the  surface  of  the  road  throughout 
the  width,  resulting  in  considerable 
wear  at  the  joints,  due  to  the  un- 
evenness. 

Mr.  Kuelling  said  that  in  his  ex- 
)ierience  he  had  found  that  many  of 
the  steel  joints  had  been  covered  u|j 
by  a  thin  layer  of  mortar  which  had 
soon  worn  away,  leaving  a  rough 
spot  where  there  was  excessive  wear. 
Richard  L.  Humphrey  said  that  he 
saw  concrete  in  the  city  of  Vienna 
which  was  10  yrs.  old  in  which  joints 
were  made  of  %"  of  tar  paper,  giv- 
ing excellent  satisfaction,  with  no 
steel  protection  whatever. 

It  was  said  that  while  the  New 
York  State  Highway  Dept.  had 
made  use  of  creosoted  wood  strips 
at  the  joints  in  some  concrete  roads 
this  joint  is  not  in  favor  because  it 
leaves  too  wide  an  opening. 

Committee  11 — Expan- 
.sion  and  Contraction 

Chairm.\n,  F.  E.  Turxeauhe;^ 
Paul  D.  Sargent,"  Gaylord  C, 
CuMMix,''  W.  A.  McIxtyre* 

The  Committee  on  Expansion  and 
Contraction  presented  a  report  based 
upon  published  literature,  upon  the 
opinions  of  highway  engineers  from 
whom  inquiry'  was  made  and  upon 
observations  made  by  the  U.  S.  Bur. 
of  Standards  in  co-operation  with 
W.  A.  Mclntyre,  Chf.  Road  Engr. 
of  the  Assn.  of  Am.  Portland  Ce- 
ment Mfrs.  The  report  of  the  work 
of  the  U.  S.  Bur.  of  Standards  made 
by  R.  J.  Wig,  C.  S.  Laubly  and  W. 

>Dean.  College  of  Mechanics  and  Engrg., 
The  University  of  Wisconsin,  Madison,  Wis. 

=Chf.  Engr.,  State  Highway  Comm.,  Augus- 
ta. Me. 

=City  Mgr.,  Jackson,  Mich. 

'Chf.  Road  Engr.,  .Assn.  of  .\m.  Portland 
Cement  Mfrs.,  Chicago 
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A.  Mclntyre  is  illustrated  graphical- 
ly and  is  quite  detailed.  The  results 
of  tests  made  in  the  vicinity  of 
Washington  appear  to  indicate  that, 
under  the  conditions  of  climate  sur- 
rounding them,  when  the  cdccts  of 
temperature  and  moisture  are  com- 
bined, the  result  is  to  cause  a  maxi- 
mum expansion  in  the  spring  months 
M-hen  the  moisture  is  at  its  maximum 
and  tlie  temperature  is  moderately 
warm,  and  that  the  drying-out  effect 
of  the  hot  summer  months  results  in 
a  considerable  contraction,  bringing 
the  concrete  to  about  its  minimum 
dimension.  Little  change  then  takes 
place  during  the  fall  and  winter,  the 
effect  of  the  decreasing  tem))erature 
being  balanced  by  the  effect  of  in- 
reasing  moisture. 

The  conclusions  of  the  Committee 
of  the  Road  Conference,  however, 
are  as  follows: 

Ttiat  contraction  and  expansion  are 
caused  by  temperature  changes  and  by 
changes  in  moisture  conditions,  and  that 
imdcr  climatic  conditions  similar  to  those 
at  Washington,  D.  C,  the  cfTects  from 
these  two  factors  in  concrete  road  sur- 
faces are  approximately  of  the  same 
matrnitnde. 

That  in  concrete  roads,  contraction  and 
expansion  are  sufficient  to  cause  frequent 
transverse  cracks  unless  joints  are  pro- 
vided. 

That  the  actual  movement  in  any  par- 
ticular case  depends  upon  the  character 
of  the  concrete  and  of  the  sub-grade. 
A  sloppy  concrete  shows  greater  move- 
ment than  a  concrete  mixed  only  niod- 
•  eratcly  wet.  No  more  water  should  be 
used  llian  necessary  to  permit  convenient 
placing  and  forming. 

Committee  12  —  Finish- 
ing and  Curing 

Chairman,  Charles'  Whiting 
Baker,'  W.  A.  McLean,-  H.  M. 
Sharp,^  William  M.  K  i  n  n  e  y,- 
HowARD  W.  Underwood^ 

The  Committee  on  Finishing  and 
Curing  presented  a  most  detailed  re- 
port discussing  various  strikeboards, 
templates  and  finishing  tools  and 
their  use.  A  summary  of  parts  of 
the  report  is  as  follows: 

The  simplest  pavement  to  strike  off 
and  finish  is  the  road  up  to  approxi- 
mately SO"  wide  without  curbs.  The 
strikeboard  is  shown  in  Fig.  1.  The 
strikeboard  rests  upon  the  side  forms 
and  is  moved  forward  with  a  combined 
forward  and  side  motion  like  a  saw. 
This  motion  fills  all  pockets  with  con- 
crete and  does  not  have  the  tendency  to 
pull  out  the  coarse  aggregate  as  would 
a  straight  forward  motion. 
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Ont.,  Toronto,  Ont. 
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Tig.  1 — Striki:boabd  for  Concrete  Roads  Up  'lo  20'  Wide 


A  slight  excess  of  concrete  is  always 
kept  ahead  of  the  strikeboard.  This  is 
usually  taken  care  of  by  a  workman  who 
walks  in  front  of  the  strikeboard  spread- 
ing the  concrete.  The  footprints  made 
in  the  concrete  by  this  workman  should 
lie  filled  with  good  concrete  and  not  with 
a  thin  mortar  or  water  which  rolls  in 
front  of  the  strikeboard  or  settles  into 
the  holes  after  the  strikeboard  has  passed 
on. 

\  certain  amount  of  compacting  is 
accomplished  with  the  strikeboard,  so 
that  with  concrete  of  the  proper  con- 
sistency it  is  impossible  to  overdo  this 
part  of  the  work,  although  striking  three 
times  will  usually  be  found  sufficient. 
When  crushed  stone  of  an  angular  na- 
ture, such  as  granite  or  trap  rock,  is 
used  as  the  coarse  aggregate,  additional 
striking  will  usually  be  found  necessary. 
.\  pronounced  sawing  motion  will  be 
foiuid  advantageous  in  such  cases.  This 
treatment  has  a  tendency  to  work  the 
mortar  arouud  the  particles  of  stone.  If 
at  any  time  the  striking  does  not  pro- 
duce a  uniform  surface,  the  strikeboard 
should  be  moved  back  and  additional 
concrete  spread  over  the  surface  with  a 
shovel.  The  strikeboard  may  then  again 
move  forward,  compacting  the  concrete 
as  it  goes. 

To  facilitate  striking  off  and  finishing, 
a  wet  mixture  is  frequently  used.  The 
ideal  consistency  of  concrete  for  road 
work  is  that  which  can  be  struck  off 
witii  only  an  a])preciable  amount  of 
work.  Water  in  excess  of  this  amount 
detracts  from  ttie  ultimate  wearing  quali- 
ties of  the  road,  as  it  is  a  known  fact 
that  the  resultant  concrete  is  weaker. 
There  is  an  additional  disadvantage  in 
that  the  excess  water  works  to  the  sur- 
face in  the  striking  off  and  finishing 
processes,  bringing  with  it  fine,  light 
particles  which  offer  little  resistance  to 
abrasion. 

Except  near  joints,  the  striking  off  is 
usually  done  in  the  direction  in  wtiich 
the  work  is  progressing.  When  the 
strikeboard  approaches  to  within  about 
one  foot  of  a  joint,  it  is  lifted,  placed 
alongside  of  the  filler  or  installing  bar 
(depending  on  whether  protected  or  un- 
protected joints  are  used),  and  then 
worked  away  from  the  joint.  This  avoids 
the  danger  of  piling  up  material  around 
the  joint,  or  pushing  the  joint  out  of 
place  into  a  position  not  perpendicular 
to  the  surface.  Joints  whicli  are  not 
perpendicular  may  cause  unevenness  due 
to  one  slab  rising  on  the  adjacent  one, 
when  expanding. 

The  installing  bar  used  with  metal- 
protected  joints  should  not  be  removed 
until  the  concrete  on  lK>th  sides  of  it  has 
been  struck  off.     After  removal  of  this 


April,  1916 


device  the  concrete  along  the  joint  should 
be  struck  off  with  a  straight-edge  about 
j'  long,  held  at  right  angles  to  the  joint 
and  moved  across  the  pavement  parallel 
to  the  center  line.  This  will  prevent  a 
dish  or  hump  at  the  joint. 

Wooden  side  forms  should  be  shod 
with  2-in.  steel  angles  secured  to  the 
top  side  of  the  forms.  This  not  only 
makes  the  strikeboard  work  easier  but 
insures  a  true  road  surface  of  proper 
thickness  by  preventing  uneven  wear  of 
the  side  forms.  By  having  these  angles 
project  about  3"  or  4"  beyond  the  end 
of  the  wood  at  one  end  and  set  back 
the  same  distance  at  the  other  end,  the 
alignment  of  the  forms  will  be  facili- 
tated. Painting  will  add  life  to  wooden 
forms  and  prevent  warping. 

This  same  type  of  strikeboard  may  be 
used  for  roads  and  for  pavements  with 
integral  curb  wider  than  20',  but  will 
usually  require  lateral  bracing,  in  which 
case  it  will  l)e  found  advisable  also  to 
provide  a  hook  in  the  middle  of  the 
strikeboard  into  which  a  steel  rod  can 
he  hooked  so  that  a  third  man  can  assist 
the  men  at  both  ends  of  the  strikeboard 
in  moving  it  forward. 

Where  a  considerable  amount  of  street 
paving  20'  and  more  wide  is  to  be  laid, 
a  strikeboard  which  can  roll  on  the  curbs 
is  preferable.  It  is  essential,  of  course, 
that  the  top  of  the  curb  shall  be  at  an 
even  height  above  the  pavement  and  that 
the  crown  of  the  road  be  uniform  in 
order  that  this  form  of  strikeboard  may 
be  used.  Strikeboards  of  this  type  are 
shown  in  Figs.  2  and  3.  That  shown  in 
Fig.  2  cannot  be  given  the  saw-like  mo- 
tion, and  considerable  care  must  be  used 
in  its  operation  to  obtain  satisfactory 
results,  it  being  practically  impossible  to 
use  such  a  strike  with  crushed  granite 
or  trap  rock. 

On  the  other  hand,  the  strikeboard 
shown  in  Fig.  3  can  be  operated  with 
success  on  streets  up  to  50'  wide  and 
will  usually  be  found  to  require  less 
labor  than  the  strikeboard  shown  in  Fig. 
2.  The  board  in  contact  with  the  con- 
crete is  given  a  saw-like  motion  by  oper- 
ating the  handle  at  one  end.  Lifting  de- 
vices on  the  carriers  in  both  of  these 
strikeboards  raise  the  steel  shod  board 
in  contact  with  the  concrete  above  the 
work  in  order  that  it  may  be  run  back 
for  successive  strikings. 

When  a  contractor  has  a  sufficient 
amount  of  wide  pavement  of  one  width 
to  be  laid,  he  will  benefit  both  through 
results  and  saving  in  cost  by  using  the 
improved  strikeboard  shown  in  Fig.  3. 

Frequently  a  contractor  is  called  upon 
to  place  a  pavement  on  a  short  stretch 
of  exceptional  width  where  the  construc- 
tion of  a  satisfactory  strikeboard  would 
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he  entirely  too  expensive.  The  following 
method  has  been  successfully  employed 
in  such  cases  where  steel  protected  joints 
are  used.  It  is  recommended  with  the 
modifications  that  may  be  necessary  to 
meet  local  conditions. 

A  row  of  9-in.  x  2-in.  hardwood  stakes 
spaced  about  5'  apart  is  driven  half  way 
between  expansion  joints  and  parallel  to 
them.  Their  top  should  be  2"  above  the 
grade  of  the  finished  pavement.  This 
height  is  determined  by  a  set  of  three 
sighting  "T's." 

Having   driven   this   line  of  stakes   to 


the  proper  elevation  the  first  course  of 
concrete  and  reinforcing  is  placed,  car- 
rying the  work  several  feet  past  the 
stakes.  This  layer  should  be  kept  below 
the  top  of  the  stakes  a  distance  equal 
to  the  thickness  of  the  wearing  course, 
plus  2". 

Across  the  top  of  the  stakes  2  x  4's 
are  nailed  lightly  with  the  4-in.  side  flat. 
It  is  preferable  to  use  2  x  4's  of  a 
length  at  least  equal  to  one-half  the  width 
of  the  street,  as  longer  lengths  will  curve 
more  readily  to  the  crown  of  the  fin- 
ished   pavement    than    will    short    pieces. 


Fig.  2 — Strikeboard  for  Pavements 
20'  OR  More  Wibe 

When  strikeboard  is  to  be  run  back 
for  restriking  pavement,  the  striking 
edge  may  be  raised  clear  of  the  pave- 
ment by  pulling  down  on  lever  "A," 
which  throws  "B"  into  position  shown 
by  dotted  lines.  To  lock  the  lever  in 
-  this  position  pass  bolt  "C"  through 
holes   in   brackets    "D"  and   holes   in 


A  lap  joint  should  be  made  over  a  stake 
to  have  a  close  joint  over  which  the 
strikeboard  will  ride.  The  strikeboard 
in  this  case  is  a  9  x  8  straightedge, 
about  a  foot  longer  than  one-half  the 
distance  between  the  joints.  Handles  are 
placed  on  each  end  similar  to  those 
shown  on  the  strikeboard  in  Fig.  1.  One 
end  of  the  hoard  is  notched  the  proper 
amount  so  that  the  end  resting  on  the 
2x4  while  striking  the  surface  will  be 
at  the  required  elevation  for  the  surface 
of  the  finished  pavement. 

Beginning  at  one  side  of  the  pavement 
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the  top  course  of  concrete  is  placed.  One 
man  working  from  a  l)ridge  works  the 
strikeboard  from  the  end  over  the  joint 
with  a  saw-like  motion;  the  other  man 
stands  in  the  newly  laid  concrete  and 
works  the  board  by  one  handle  at  the 
-other  end.  By  walking  backward,  his 
tracks  in  the  concrete  are  filled  with  the 
material  carried  ahead  of  the  strike- 
board.  One  or  two  men  spreading  con- 
crete from  the  bucket  keep  the  material 
■correclly  deposited  in  front  of  the  .strike- 
board,  cire  being  exercised  to  see  that 
there  is  always  a  small  surplus  heaped 
against  it.  After  half  of  the  section  is 
struck  off,  concrete  is  placed  within  2' 
or  3'  of  the  next  joint,  at  which  time 
the  joint  is  installed  and  concrete  and 
reinforcement  are  placed  up  to.  and  2' 
or  3'  beyond  the  joint,  to  the  total  thick- 
ness of  the  pavement.  After  removing 
the  installing  bar  the  pavement  is  struck 
off  as  before,  reversing  the  strikeboard 
end  for  end,  resting  the  notched  end  on 
the  2  X  t  and  the  other  end  on  the  joint. 

After  the  section  is  struck  off,  the 
screed  and  stakes  are  removed  by  a  man 
working  from  a  bridge,  stake  holes  are 
filled  and  the  surface  leveled  off,  if 
-necessary,  with  a  small  strikeboard  about 
5'  long.  .Since  the  lower  face  of  the 
2  X  4  is  above  the  finished  surface,  there 
is  no  tendency  to  form  a  line  of  weak- 
ness in  the  pavement  such  a.s  would  be 
caused  if  the  screed  were  allowed  to  he 
embedded  with  its  top  face  level  with 
the  surface. 

Tt  is  apparent  that  it  will  be  necessary 
to  stiffen  the  joint  in  order  that  it  may 
be  rigid  enough  to  sup|iort  one  end  of 
the  strikeboard  without  sagging.  This 
can  be  accomplished  by  placing  stiffcn- 
•ers  at  the  center,  end  and  quarter  points 
of  the  pavement,  and  at  other  points  if 
necessary.  Pieces  of  lath  wired  tightly 
■on  each  side  of  the  joint  filler,  fitted 
snugly  against  the  lower  edge  of  the 
plates  and  resting  on  a  block  set  in  the 
-sub-grade,  will  answer  the  purpose  (see 
Fig.  i).  The  joint  protection  plates 
should,  of  course,  be  made  to  conform 
■exactly  to  the  crown  of  the  pavement 
and  should  be  wired  together  at  the  top 
•edges    with    No.    16    ga.    malleable    iron 


Fig.  4 — Method  of  Supporting  Joixt  ov 
"WroE  Streets 

wire,  about  every  12"  along  their  length. 
•Care  should  be  exercised  that  the  wire 
passes  through  the  joint  filler  close  to 
the  plate,  so  that  the  wire  will  not  cut 
through  the  joint  filler,  and  thus  allow 
separation  of  the  plates. 

On  streets  with  level  grade  it  is  fre- 
-quently  customary  to  increase  the  crown 
from  the  summits  to  the  inlets.  This 
precludes    the     possibility     of    using    a 
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strikeboard  which  travels  on  the  curb  or 
side  forms.  A  method  of  procedure 
which  has  been  used  successfully  in  such 
cases  is  illustrated  in  Fig.  5.  This  meth- 
od can  al.so  be  used  in  place  of  the 
strikeboards  shown  in  Figs.  2  and  3, 
where  only  a  short  stretch  of  wide  pave- 
ment is  to  be  constructed.  It  is  par- 
ticularly adapted  to  work  of  this  char- 
acter where  unprotected  joints  are  used, 
but  is  not  suitable  for  i)avements  over 
40'  wide. 

Stakes  are  driven  along  the  center  line 
of  the  pavement  about  4'  apart  before 
placing  concrete.  Their  top  should  be 
2"  above  the  surface  of  the  fini.shcd 
pavement.  The  base  concrete  and  rein- 
forcing are  placed  and  a  2  x  4  lightly 
nailed  to  the  top  of  the  stakes  as  in  the 
method  previously  described.  A  strike- 
board  slightly  longer  than  one-half  the 
width  of  the  street  is  cut  to  the  crown 
of  the  pavement  (average  crown  if  the 
crown  is  variable).     This  strikeboard  is 


Top  of  stoKe  Z'above  v\ 
Surface,   of  paverhent/ 


Fig.  6 — Method  of  Supporting  Strike 
When  Curb  Height  Varies 

notched  sufficiently  at  each  end  so  that 
it  will  ride  on  the  center  strip  and  curb 
giving  the  proper  contour  to  the  pave- 
ment. 

If  curbs  already  constructed  are  such 
that  the  height  aliove  the  pavement  varies 
from  summits  to  inlets  another  guide 
strip  placed  at  the  gutter  similar  to  the 
center  guide  strip  can  be  used.  This 
strip  should  be  set  on  a  line  parallel  to 
the  grade  of  the  gutter,  as  shown  in  Fig. 
0.  As  this  strikeboard  .strikes  only  one- 
half  of  the  pavement,  two  such  strikes 
mav  be  u.sed  or  one  used  alternately  on 
opposite  sides  of  the  pavement.  The 
guide  strip  and  stakes  are  removed  by 
men  working  from  a  bridge.  Any  ex- 
cess material  at  the  center  or  in  the  gut- 
ters can  be  worked  out  with  a  straight- 
edge and  float. 

The  protection  plates  and  installing 
bar  for  pavements  with  variable  crown 
should  he  given  the  average  crown.  They 
should  be  ordered  in  two  sections,  each 
section  having  a  length  equal  to  one-half 
the  width  of  the  street.  Connection  for 
bingins  together  two  half  installing  bars 
is  made  by  bolting  a  IVj-in.  x  8-in.  strip 
to  one  installing  bar  and  pinning  through 
the  other.  After  the  joint  is  assembled 
in  each  bar  and  the  bars  placed  in  posi- 
tion they  are  connected  by  inserting  a 
pin  through  the  connecting  hinge.  En- 
ough space  should  be  allowed  between 
the  bars  to  provide  Tor  setting  the  ends 
of  each  joint  at  the  proper  elevation. 
Each  bar  is  supported  at  the  center  by 


Fig.  5 — Method  of  Striking  off  Streets 
OF  VARIABI.E  Crown  and  Wide  Streets 
-with  Unprotected  Joints 
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Fio.    7 — Method    of    Supporting    Joint 
WITH   Pa\-e5ients  of  \'ariable  Crown 


a  metal  frame  containing  a  clamp  and 
supported  by  Vi-in.  bolts  resting  on  a 
thin  wood  block  left  in  the  sub-grade 
(see  Fig.  7). 

At  street  intersections  it  will  be  found 
impracticable  to  use  a  strikeboard  and 
it  will  therefore  be  necessary  to  set 
stakes  on  about  6-ft.  centers,  using  them 
as  guides  in  placing  the  proper  depth 
of  concrete.  Fig.  8  shows  the  plan  of 
a  street  intersection  and  the  letters 
shown  represent  stakes.  For  streets  from 
20'  to  25'  wide  the  arrangement  shown 
will  give  a  sufficient  number  of  stakes, 
while  for  wider  streets  additional  stakes 
should  be  set. 

As  concrete  streets  usually  have  a  low 
crown,  it  has  been  found  good  practice 
to  raise  the  center  of  the  intersection  an 
inch  above  the  center  line  grade  of  the 
street  between  intersections.  This  will 
insure  proper  drainage  and  prevent  a 
flat  or  dished  appearance. 

A  simple  method  of  determining  the 
height  to  which  these  stakes  should  be 
driven  is  as  follows:  At  the  intersec- 
tion of  the  center  lines  of  the  two  streets 
set  the  top  of  the  stake  ".\"  at  a  point 
1  "  above  the  original  level  of  the  grade 
of  the  intersection.  Set  stakes  "B"  on 
the  center  line  of  each  of  the  intersect- 
ing streets  at  the  edge  of  the  intersection 
slab  and  at  the  proper  elevation  as  de- 
termined by  the  use  of  three  sighting 
"T's"  resting  on  the  curbs  and  the  stakes. 
Set  .stakes  "D"  at  equal  intervals  (not 
exceeding  fi')  from  the  center  line  of  the 
streets  toward  the  curb,  on  the  lines  at 
right  angles  to  the  center  line  of  the 
streets;  drive  these  stakes  to  the  level 
of  the  pavement  surface,  which  may  be 
determined  by  placing  the  .strikeboard  at 
this  point  or  by  calculating  the  amount 
they  should  he  below  the  level  of  the 
curbs  and  using  the  sighting  "T'.s".  Now 
set  stakes  "C"  on  the  center  lines  of  the 
streets  at  the  same  intervals  as  the  "B" 
and  "D"  stakes,  with  their  tops  on  a  line 
sighted  from  stakes  "A"  to  stakes  "B". 
Finish  by  setting  stakes  "E"  at  the  in- 
tersections of  all  the  perpendicular  "D" 
lines  and  drive  them  with  their  top  to 
lines  sighted  from  the  "C"  stakes  to  the 
"n"  stakes. 

To  strike  off  this  surface,  first  place  a 
strip  of  concrete  for  the  base  course 
about  S'  or  10'  wide,  extendine  from  one 
side  of  the  intersection  to  the  other  at 
risht  angles  to  the  center  line  of  the 
street  being  concreted,  and  lav  the  re- 
inforcement on  this  section.  Then  lay  a 
"ground"  or  strip  of  wood  the  thickness 
of  the  top  course  on  top  of  the  rein- 
forcement about  5'  ahead  of  the  last 
strip  of  top  material  which  has  been 
struck  off.  This  "ground"  must  be 
blocked  up  or  pressed  down  until  level 
w-ith  the  top  of  the  nearest  stakes  and 
should  be  ^held  in  position  by  driving 
over  it  several  pieces  of  Vi-i"-  round 
steel  bent  into  the  shape  of  a  "U,"  with 
legs  about  12"  long.  These  will  bold  the 
"grounds"  in  position  and  prevent  their 
being  floated  away  if  a  batch  of  con- 
crete is  dumped  too  close  to  them.  Con- 
crete for  the  top  is  then  placed  between 
this  "ground"  and  the  already  finished 
work  and  struck  off  with  a  strikelx)ard, 
by  using  the  "ground"  to  guide  one  end 
of  this  strikeboard  and  the  already  com- 
pleted surface  to  guide  the  other  end. 

The  top  course  material  should  be  kept 
a  few  inches  away  from  the  "ground"  to 
avoid  making  a  plane  of  weakness  which 
will  later  produce  a  crack.  If  any  ap- 
preciable   time    elapses    before    the    next 
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strip  of  top  is  placed  the  old  edge  should 
l)e  rougliened  with  a  shovel.  This  strik- 
ing off  may  be  done  by  the  men  while 
standing  on  the  base  material  and  with- 
out it  being  necessary  for  them  to  walk 
on  the  freshly  placed  top  course.  When 
this  strip  has  been  struck  off,  the 
"sround"  is  moved  ahead  another  5'  and 
the  operation  repeated. 

The  practice  of  using  two  "grounds," 
one  of  which  is  temporarily  embedded  in 
the  concrete,  should  not  be  allowed.  It 
is  impossible  to  remove  it  without  walk- 
ins  in  the  top  course  concrete,  and  in 
addition,  the  sharp  edge  of  concrete 
which  rested  against  the  "ground"  is  not 
properly  broken  down  nor  is  the  new 
concrete,  which  is  placed  in  the  small 
trough  left  by  the  "ground,"  properly 
worked  in  with  the  older  material.  A 
plane  of  weakness  is  likely  to  result 
which  later  is  certain  to  cause  cracking. 

The  surface  should  be  carefully 
%vatched  by  the  foreman  from  different 
positions  on  the  curb  line  to  guard 
against  irregularities  of  surface  which 
are  likely  to  occur,  even  with  the  most 
careful  workmanship. 

At  the  present  time  there  is  on  the 
market  a  striking  and  finishing  machine 
operated  by  power,  which,  after  striking 
the  pavement  with  a  template  having  a 
saw-like  motion,  finishes  the  surface  by 
means  of  a  vibrating  pan.  Some  diffi- 
culty is  experienced  in  finishing  the  pave- 
ment at  the  joints  and  some  hand  fin- 
ishing is  tlierefore  required.  In  addi- 
tion, this  machine  does  not  allow  for  a 
moderate  stiffening  of  the  concrete  be- 
tween the  processes  of  striking  off  and 
finishing,  which  is  considered  to  be  es- 
sential to  the  production  of  a  good  wear- 
ing surface.  If  it  were  possible  to  use 
a  much  dryer  concrete  than  at  present 
used  with  this  machine,  this  objection 
might  be  overcome.  It  is  believed  that 
machine  finishing  has  great  possibilities, 
and  it  is  hoped  that  a  machine  w'H  be 
perfected  which  will  do  aw-ay  with  the 
imcertainty  of  hand  work,  save  labor  and 
give  a  surface  superior  to  that  now  ob- 
tained. 

FINTSHIXG 

Prooer  striking  off  puts  the  surface  in 
condition  to  be  finished  with  the  least 
amount  of  labor  and  makes  possible  a 
true,  even,  dense  pavement  with  the  uni- 
form wearing  qualities  so  much  desired. 
Too  much  importance  cannot  be  attached 
to  proper  finishing,  as  the  wearing  and 
tractive  qualities,  anpearance  and  gen- 
eral satisfaction  of  the  pavement  depend 
to  a  large  extent  on  the  finishing. 

The  pavement  is  best  finished  with  a 
wooden  hand  float,  the  finisher  workin? 
from  a  bridse.  With  this  tool  all  small 
inequalities  in  the  surface  can  be  elimi- 
nated and  the  concrete  worked  to  pro- 
duce a  dense  surface  with  a  texture 
which  makes  the  pavement  non-slippery. 
The  hand  float  is  to  be  recommended 
over  the  steel  trowel  or  long-handled 
wooden  float  for  the  final  finishing.  The 
steel  trowel  tends  to  slipperiness,  and 
while  good  results  are  not  impossible 
with  a  long-handled  wood  float,  it  in- 
vites careless  finishing,  and  good  work  is 
not  generally  done  with  this  tool.  For 
street  intersections  and  preliminary  float- 
ing where  granite  or  trap  rock  is  the 
coarse  aggregate  its  use  is  permissible, 
but  the  hand  float  should  always  be  used 
for  the  final  finish. 

Experience  shows  that  the  time  of  fin- 
ishing has  a  marked  effect  on  the  wear- 
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Fig.  8 — Sketch  Showixg  Method  of 
Setting  Stakes  at  Street  Intersec- 
TioKs  FOR  Obtaining  True  Crown 

ing  quality  of  the  pavement  The  tend- 
ency is  to  finish  too  early.  Early  float- 
ing or  floating  immediately  behind  the 
strikeboard  is  to  be  condemned.  Any 
saving  which  the  contractor  may  make 
by  this  means  is  at  the  expense  of  the 
wearing  qualities  and  appearance  of  the 
pavement.  The  work  placed  late  in  the 
afternoon  is  especially  likely  to  suffer  in 
this  respect.  In  many  cases  this  is  ag- 
gravated by  mixing  the  concrete  too  wet. 

N'o  definite  time  can  he  given  which 
should  elapse  between  the  placing  and 
finishing  of  the  concrete  as  weather  con- 
ditions are  among  the  factors  which  must 
be  taken  into  consideration.  If  the 
weather  is  very  hot  and  the  concrete  of 
proper  con.sistency  and  hardening  rap- 
idly, the  fini.shinff  can  be  done  very  soon 
after  striking  off,  but  if  the  weather  is 
cool,  damp  or  cloudy  a  longer  period 
must  elanse.  It  is  a  matter  of  judg- 
ment. The  appearance  of  shrinkage 
cracks  on  a  concrete  surface  is  evidence 
that  either  the  concrete  was  mixed  too 
wet,  was  finished  too  early,  or  subjected 
to  conditions  which  caused  too  rapid  dry- 
ing out.  The  possibility  of  having  shrink- 
age cracks  is,  of  course,  aggravated  by 
having  hot,  dry  stone,  porous  or  dusty 
aggregate,  and  is  considerably  influenced 
by  a  dry  sub-grade.  Sprinkling  the  ag- 
gregates with  water  and  being  sure  that 
the  sub-grade  is  wet  will  be  of  consid- 
erable advantage.  The  surface  of  the 
concrete  should  contain  practically  no 
free  water  at  the  time  of  finishing  and 
should  be  of  such  consistency  that  wood 
float  marks  are  evident  on  the  surface. 

In  no  case  should  the  surface  be  float- 
ed when  there  is  any  water  standing  on 
it,  esjiecially  if  granite  or  trap  rock  be 
used,  as  this  conceals  small  depressions 
which,  if  floated  over  and  left,  will  later 
he  found  to  contain  pockets  of  stone  and 
insufficient  mortar  which  will  wear  rap- 
idly under  traffic. 

Workmen  should  not  be  allowed  to 
walk  on  the  concrete  after  it  has  been 
struck  off.  The  finisher  should  %vork 
from  a  bridge  which  entirely  spans  the 
pavement  and  care  should  be  taken  that 
all  foreign  substances  such  as  sticks, 
coal,   clay   and   like  materials   appearing 


on  the  surface,  are  removed.  Fig.  9 
shows  a  design  for  a  satisfactory  fin- 
isher's bridge.  It  is  simply  constructed, 
rigid  and  light  in  weight. 
If  bridge  is  to  be  used  with  curbs  which 
are  more  than  2"  above  crown  of  pave- 
ment 4-in.  X  4-in.  blocks  at  end  may  be 
eliminated 

For  floating  the  pavement  surface  at 
intersections  some  means  of  supporting 
the  finisher's  bridge  must  be  devised.  If 
there  is  a  manhole  at  the  center  of  the 
intersection,  one  end  of  the  bridge  may 
be  rested  upon  it  and  the  bridge  moved 
round  in  a  circle  with  its  outer  end 
resting  outside  the  curb  line. 


1 


tm)j,i^*Mfti^^i^^^'i-' 


Fig.  10 — Stool  for  Finisher's  Bridge  at 
Ixtebsectioxs 

If  there  is  no  manhole,  a  support  may 
be  very  simply  made  as  shown  in  Fig. 
10.  Footprints  of  the  workman  who  car- 
ries the  end  of  the  bridge  out  and  the 
holes  left  by  the  legs  of  the  stool  should 
lie  filled  with  good  concrete  and  not 
simply  allowed  to  fill  with  fine  mortar 
and  then  be  floated  over. 

W^here  unprotected  joints  are  used  and 
the  filler  extends  slightly  above  the  sur- 
face of  the  pavement  the  split  float  is 
recommended.  This  is  a  double  float,  the 
slot  in  the  center  being  slightly  greater 
than  the  width  of  the  filler  (see' Fig.  II). 
The  filler  runs  through  the  slot  and  the 
concrete  on  both  sides  of  the  joint  may 
be  finished  to  the  same  elevation.  Ex- 
perience has  shown  that  the  finisher  must 
be  taught  the  use  of  this  float,  for  if  he 
is  given  it  uninstructed,  it  will  soon  be 
discarded. 

The  use  at  unprotected  joints  of  an 
edger  of  small  radius  has  been  sug- 
gested. The  theory  is  good  but  in  prac- 
tice the  necessary  widening  of  the  joints 
offsets  any  advantage  of  the  rounded 
edges. 


Fig.  11 — Split  Float  for  Finishing  Un- 
protected Joints  of  Concrete  Pave- 
ments 
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Fig.  9 — Finisher's  Bridge  foe  Concrete  Road  Building  for  Roads  or  Streets  Up 
To  30'  WroE 
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At  protected  joints,  in  order  to  avoid 
liaving  one  slab  higher  or  lower  than  the 
(idjacent  one  and  also  to  avoid  a  hump 
or  depression  at  the  joint,  which  is  very 
objcctionalilo  to  traffic,  a  straightedge 
held  parallel  to  the  center  line  of  the 
road  should  be  run  along  the  joint,  any 
high  placei  being  cut  down  and  any  low 
))laces  filled.  The  straightedge  used 
should  be  about  5'  long  and  should  be 
used  more  as  a  gauge  than  as  a  strike- 
board. 

In  order  to  obtain  a  dense  concrete 
adjacent  to  the  joint  where  the  steel  pro- 
tection plates  are  u.sed,  it  is  recommend- 
ed that  a  steel  trowel  be  used  to  finish 
the  surface  for  a  distance  of  about  G" 
on  both  sides  of  the  joint.  Hy  this 
method  the  concrete  is  brought  more 
nearly  flush  with  the  top  of  the  joints. 

The  old  idea  of  marking  concrete  road 
surfaces  with  grooves  or  in  the  shape  of 
blocks  is  rapidly  disappearing,  as  such 
finish  is  unnecessary  and  tends  to  in- 
crease the  chance  of  wear,  which  in  most 
cases  develops  inievenly.  The  inore  re- 
cent practice  of  brooming  the  surface 
with  a  stiff  brush  or  broom  after  fin- 
ishing is  also  falling  into  disuse  as  the 
roughening  thus  obtained,  formerly  be- 
lieved to  be  necessary  to  prevent  slip- 
ping, is  not  required  and  very  rapidly 
disappears.  In  addition,  this  treatment 
is  likely  to  cause  a  more  rapid  drying 
out  of  the  surface. 

PROTECTIOK    AND    CUBIXO 

During  hot  and  windy  weather  it  will 
usually  be  found  necessary  to  cover  the 
surface  of  the  finished  pavement  with 
canvas  as  soon  after  floating  as  possible, 
and  to  keep  this  canvas  sprinkled  for 
several  hours.  This  will  help  to  prevent 
the  formation  of  shrinkage  cracks. 

Canvas  should  be  available  to  cover  at 
least  one-half  a  day's  work.  The  canvas 
is  not  allowed  to  touch  the  fresh  con- 
crete, being  supported  on  frames.  Can- 
vas which  has  been  waterproofed  is  eco- 
nomical because  it  will  not  be  so  readily 
affected  by  moisture  nor  by  the  destruc- 
tive action  of  the  cement  mortar.  When 
the  concrete  has  had  sufficient  time  to 
harden  the  canvas  should  be  removed 
and  the  pavement  covered  with  earth  or 
other  water-retaining  material  to  a  depth 
of  at  least  1"  and  should  he  kept  thor- 
ontrhly  wet  for  from  10  das.  to  M-  das. 
This  protective  covering  should  not  be 
washed   into   piles   in   sprinkling. 

Another  method  of  curing  which  has 
been  used  snccessfullv  and  at  a  cost  con- 
siderablv  less  than  that  of  earth  cover- 
ing and  sprinkling,  is  that  known  as 
"ponding."  The  pavement  is  flooded  so 
that  the  water  stands  about  2"  deep 
over  the  crown  of  the  pavement  at  the 
shallowest  point.  If  there  are  no  curbs, 
light  dikes  or  Banks  of  clay  or  earth 
about  S"  or  10"  wide  and  about  the  same 
height  are  ^'onstructed  alons:  the  edge  of 
the  pavement  to  retain  the  water.  If 
the  pavement  is  on  a  grade,  dikes  placed 
transverselv  across  the  pavement  are  ne- 
cessary. They  are  generally  about  15' 
apart  and  should  preferably  be  so  placed 
that  they  come  over  the  expansion  joint 
in  order  to  prevent  any  possibility  of 
water  getting  to  the  sub-grade  at  these 
points. 

With  the  utmost  care  in  planning  the 
work,  a  storm  sometimes  occurs  before 
all  the  concrete  pavement  is  sufficiently 
hardened  to  prevent  pitting  and  it  be- 
comes necessary  to  protect  the  surface. 
The  most  satisfactory  way  to  meet  this 
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condition  is  to  cover  the  pavement  with 
canvas,  as  previously  described  for  cur- 
ing in  hot  weather,  taking  particular  care 
in  laying  the  canvas  strips  and  making 
the  laps  so  that  the  covering  will  shed 
water  readily.  Canvas  should  be  sup- 
ported well  above  freshly  finished  work. 
When  a  portion  of  the  pavement  laid  has 
not  been  finished,  the  canvas  can  be  sup- 
ported on  "horses"  in  such  a  way  as  to 
permit  the  finisher  to  complete  his  work 
under  its  shelter. 

In  the  fall  months  when  damp,  cool, 
rainy  weather  prevails,  or  when  the  tem- 
perature averages  below  or  r.irely  reaches 
65°  F.,  the  concrete  will  harden  properly 
if  left  unprotected.  It  may  be  advisable 
under  these  conditions  of  temperature  to 
omit  the  earth  covering,  thus  allowing 
the  warmth  of  the  sun  during  the  day 
to  hasten  the  hardening  of  the  concrete, 
rather  than  to  expend  its  heat  in  drying 
out  the  wet  earth  cover.  The  pavement 
should  he  sprinkled  if  the  temperature  is 
high  in  the  middle  of  the  day,  but  when 
there  is  danger  of  frost  or  freezing 
weather  at  night,  sprinkling  should  be 
omitted  on  work  only  a  day  or  two  old. 
As  a  protection  against  frost  or  light 
freezing  a  canvas  covering  should  be 
used.  Knough  canvas  should  be  provid- 
ed for  this  purpose  to  cover  at  least  one 
day's  work.  A  canvas  covering  is  much 
easier  handled  and  placed  than  building 
or  tar  paper,  and  is  more  efficient  and 
economical.  The  canvas  should  not  be 
allowed  to  touch  the  concrete.  The  can- 
ras  should  be  removed  the  day  after 
placing  to  give  the  pavement  the  full 
benefit  of  the  beat  from  the  sunshine. 
Should  it  be  necessary  the  following 
night  to  cover  the  concrete  again  to  pro- 
tect it  from  freezing,  at  lea.st  3"  of 
straw,  marsh  hay,  or  other  similar  ma- 
terial should  be  used,  covering  the  fresh 
concrete  with  canvas  and  enough  earth 
should  be  placed  on  top  of  the  straw  or 
some  other  suitable  means  should  be  used 
to  hold  it  in  place. 

The  U.  S.  Weather  Bureau  distributes 
daily  from  its  various  forecast  stations 
a  circular  giving  a  forecast  of  the 
weather  and  temperature  for  the  ensu- 
ihe  3fi  hrs.  The-^c  circulars  will  be  sent 
free  to  any  one  making  application,  and 
those  in  charge  of  pavement  work  in  the 
fall  months  should  take  advantage  of  the 
service  to  secure  warning  in  advance  of 
a  sudden  rainstorm  or  fall  in  tempera- 
ture. 

Specifications  usually  contain  a  clause 
covering  work  done  when  the  tempera- 
ture is,  or  there  is  probability  that  it  will 
within  24  hrs.  drop  to,  35°  F.  or  below, 
in  which  case  the  water  and  aggregates 
are  required  to  be  heated  and  precau- 
tions taken  to  protect  the  work  from 
freezing  for  at  least  ten  days.  This 
clause  is  provided  to  cover  work  done  in 
the  late  fall  when  the  temperature  re- 
mains below  about  45°  or  50°  P.,  or  sel- 
dom reaches  these  figures,  and  when 
freezing  temperatures  occur  or  are  likelv 
to  occur  each  night,  and  when  freezing 
temperatures  may  at  any  time  continue 
for  several  days.  Under  these  condi- 
tions this  clause  .should  be  rigidly  en- 
forced. Except  where  absolutely  neces- 
sary or  desirable  to  place  a  short  strip 
or  section  to  complete  a  contract,  the 
laying  of  concrete  pavement  when  tem- 
perature is  35°  P.,  or  less,  should  be 
discouraged.  It  will  be  cheaper  in  the 
long  run  for  the  contractor  to  go  to  the 
slightly  increased  expense  of  heating 
water  and  aggregates  rather  than  be  com- 


pelled later  on  to  remove  and  replace 
pavement  damaged  by  freezing.  Even 
slight  freezing  of  concrete  will  cause 
the  surface  of  the  pavement  to  scale  off 
and  make  it  unsightly.  Heating  of  the 
water  and  aggregates  will  permit  depos- 
iting the  concrete  at  a  temperature  of 
from  60°  to  70°  F.,  or  even  higher.  This 
initial  amount  of  heat  in  the  concrete, 
with  that  developed  in  the  early  stages 
of  hardening,  gives  the  concrete  a  favor- 
able start,  and  it  is  remarkable  what 
such  a  .supply  of  heat  at  the  beginning 
will  accomplish. 

In  no  case  should  concrete  be  deposit- 
ed upon  a  frozen  sub-grade. 

When  a  hard  freeze  is  to  be  expected, 
the  best  protection  is  to  cover  the  day's 
work  with  at  least  3"  of  straw  or  otiier 
similar  material  and  then  cover  with  can- 
vas. The  canvas  should  be  weighted 
down  to  prevent  the  wind  displacing  or 
getting  under  the  canvas.  Canvas  af- 
fords more  protection  than  an  earth  cov- 
ering, but  if  the  temperature  is  mild 
enough  the  next  day  the  canvas  can  be 
removed  and  an  earth  covering  placed 
over  the  straw.  Care  will  have  to  be 
taken  at  all  times  to  .see  that  there  are 
no  spots  only  partly  covered.  After  10 
das.  of  favorable  weather  the  covering 
may  be  removed. 

Whenever  practicable,  the  straw  may 
be  omitted  and  steam  turned  under  the 
canvas.  The  night  watchman  can  keep 
up  steam  in  the  mixer  boiler  for  this 
piirpose.  The  next  day,  if  weather  per- 
mits, the  canvas  can  be  used  to  cover  up 
the  new  work  and  that  laid  the  day  be- 
fore can  be  covered  with  straw"  and 
earth. 

Great  care  should  be  exercised  in 
throwing  the  pavement  open  to  traffic. 
The  length  of  time  necessary  to  keep 
the  pavement  closed  to  traffic  will  de- 
pend entirely  upon  weather  conditions. 
In  warm  weather  the  pavement  should 
be  kept  closed  to  traffic  for  at  least  14 
das.  and  preferably  for  3  wks.  When 
the  conditions  are  .such  that  the  tempera- 
ture of  concrete  is  less  than  50°  F.  when 
(ilaccd,  hardening  takes  place  very  slow- 
ly. The  hardening  will  take  place  in 
direct  proportion  to  the  amount  of  heat 
))resent,  and  takes  place  very  slowlv  at 
a   temperature  of  35°   F.  or  below.  ' 

When  a  concrete  pavement  has  been 
liid  in  the  late  fall,  it  is  sometimes  dif- 
ficult to  determine  when  it  will  be  safe 
to  throw  the  road  open  to  traffic.  In 
rare  cases  it  may  be  necessary,  owing  to 
peculiar  local  conditions,  to  open  the 
road  or  street  to  traffic  before  it  is  abso- 
lutely safe  to  do  so.  Under  such  condi- 
tions if  about  3"  of  straw  is  placed  on 
the  pavement  and  this  covered  with  sev- 
eral inches  of  earth,  the  surface  of  the 
pavement  will  be  protected  sufficiently 
against  abrasion  to  allow  the  opening  of 
the  road  sooner  than  could  he  safely 
done  without  such  protection.  This  cov- 
er will,  however,  not  minimize  the  dan- 
ger of  damage  to  the  pavement  by  heavy- 
loads,  which  will  tend  to  crack  pave- 
ment that  has  not  developed  its  full 
strength.  Concrete  roads  have  been  ut- 
terly ruined  by  opening  to  traffic  too 
soon.  Few  people  realize  how  slowly 
concrete  hardens  under  unfavorable  con- 
ditions, which  will  undoubtedly  prevail 
on  some  jobs  before  the  work  is  finished. 
.\11  those  in  charge  of  concrete  pave- 
ment work  should  ha%'e  the  necessity  of 
adhering  to  the  foregoing  cold  weather 
precautions  strongly  impressed  upon 
them. 
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CONCRETE 


Points  emphasized  not  only  in  this 
report  but  in  the  discussion  which 
followed  had  to  do  with  the  consist- 
ency of  the  mixture  and  the  bad  re- 
sults which  follow  a  segregation  of 
the  aggregate  when  placed  on  the 
road.  It  was  emphasized  in  the 
discussion  that  if  stone  settled  in  one 
place  and  mortar  in  another  the  road 
may  be  struck  off  evenly  when  gone 
over  with  a  strikeboard  and  yet  be 
full  of  small  depressions  due  to  un- 
even settlement  of  the  diiferent  ma- 
terials. It  was  also  pointed  out  that 
there  is  considerable  value  in  check- 
ing up  the  work  of  the  finishers  by 
laying  a  straightedge  on  the  pave- 
ment after  the  finishers  think  that 
they  are  through  with  their  work. 

Ira  O.  Baker  raised  a  question  as 
to  the  use  of  a  dry  mixture  of  sand 
and  cement  put  onto  the  surface  af- 
ter the  concrete  is  placed,  to  take  up 
the  excess  moisture  which  gives  so 
much  trouble  in  getting  the  proper 
road  surface.  This  matter  was  taken 
up  in  detail  in  a  discussion  by  T.  H. 
Johnson,^  where  about  1.000,000 
yds.  of  concrete  paving  had  been  put 
"down.  Mr.  Johnson  explained  that 
the  methods  in  use  in  Sioux  City  are 
quite  unorthodox  and  that  he  fully 
anticipated  criticism  of  the  methods 
used,  yet  he  said  that  the  pavements 
were  there  to  show  the  results  ob- 
tained and  that  in  roads  4  yrs.  and 
.■5  yrs.  old  there  has  been  practically 
no  wear  on  the  surface. 

Committee    13  —  Con- 
struction of  Shoulders 
and  Curbs 

CH.'iiRM.'iN,  A.  N.  Johnson;^  A. 
W.  Dean/  A.  B.  Fletcher,' 
Ch.'^rles  E.  Russell,*  Edward  M. 
Laing' 

The  Committee  on  Construction  of 
Shoulders  and  Curbs  recommends 
that  where  traffic  conditions  are  such 
as  to  make  it  expedient  to  build  one- 
track  roads  only,  not  exceeding  10' 
in  width,  shoulders  should  be  con- 
structed of  gravel  or  macadam  to  a 
width  of  6'  on  each  side.  This  pre- 
supposes that  one  vehicle  is  to  re- 
main entirely  on  the  roadway  while 
the  other  vehicle  turns  off"  and  it 
also  assumes  that  this  is  to  be  done 


'City  Engr.,  Sioux  City,  la.  Mr.  Jolinson's 
discussion  w.ts  presented  practically  in  full 
in  the  Mar.,  1916,  issue  of  Concrete,  p.  125 

'Road  Expert,  Assn.  .Am.  Portland  Cement 
Mfrs.,  Chicago 

^hf.  Engr.,  Mass.  Highway  Comm.,  Boston 

'Highway  Engr.,  Cal.  Highway  Comm.,  Sac- 
ramento. Cal. 

'Co.  Supt.  of  High\vays,  Lake  County,  Wau- 
kegan.  111. 

'Pres.,  Edward  M.  Laing  Co.,  Contrs.,  High- 
land Park,  111. 


without  great  reduction  of  speed  on 
the  part  of  either  vehicle.  Assum- 
ing, however,  that  the  condition  un- 
der which  one  vehicle  would  expect 
to  keep  the  road  and  the  other  take 
the  side,  this  would  be  in  the  case  of 
a  heavily  loaded  vehicle  passing  a 
light  one.  In  such  a  case  the  heav- 
ily loaded  vehicle  would  necessarily 
be  going  at  low  speed  and  the  light- 
er vehicle  would  slow  up  in  turning 
onto  the  shoulder  so  that  a  maximum 
width  is  not  absolutely  required.  If 
two  6- ft.  shoulders  were  to  be  con- 
structed it  would  not  be  economical, 
as  such  shoulders  could  not  be  con- 
structed at  much  less  cost  than  to 
increase  the  width  of  concrete  to  l6' 
at  the  outset.  The  final  recommen- 
dation of  the  committee,  therefore, 
in  the  case  of  one-truck  road  is  that 
4-ft.  macadam  or  gravel  shoulders 
be  built.  The  shoulders  not  to  be 
constructed  until  the  concrete  has 
had  full  opportunity  to  harden  and 
they  are  then  to  be  built  7"  thick  as 
measured  loose  and  when  finished 
the  shoulders  should,  if  anything,  be 
slightlv  .above  the  concrete  in  order 
to  facilitate  in  turning  from  the 
shoulder  onto  the  concrete. 

For  two-track  roads,  that  is,  for 
roads  on  which  the  concrete  is  at 
least  16'  wide,  the  committee  finds 
that  it  will  not  be  necessary  to  pro- 
vide shoulders  for  traffic  purposes 
but  rather  for  occasional  turning 
out.  In  this  case  the  shoulders  may 
be  constructed  of  earth  material,  ex- 
cluding all  vegetable  or  other  matter 
likely  to  decay.  The  slope  of  the 
shoulder  to  the  gutter  should  be  con- 
tinuous, and  deep  open  ditches 
should  not  be  constructed.  The 
slope  of  the  shoulders  for  2'  or  3' 
out  from  the  concrete  should  be  but 
slightly  greater  than  of  the  concrete 
and  then  should  decrease  gradually 
as  the  gutter  is  approached.  The 
committee  further  recommends  that 
the  shoulder  be  sown  with  grass  and 
kept  mowed.  This  will  prevent 
wash. 

The  construction  of  shoulders  on 
one-track  roads  having  a  grade  of 
5%  and  over  is  an  entirely  different 
problem  due  to  the  wash  which  is 
ijound  to  occur  on  such  grades.  The 
construction  which  the  committee 
recommends  for  use  on  grades  of 
5%  and  over  in  cuts  is  to  do  away 
with  the  shoulders  and  gutters  and 
increase  the  width  of  the  concrete 
to  15'  or  16'  and  to  use  curbs,  al- 
lowing the  water  in  excessive  rain- 
falls to  use  the  entire  road  as  a 
gutter.  The  width  of  the  cut  in  this 
instance  would  therefore  be  l6',  plus 
the  width  of  the  curb.  It  is  recom- 
mended that  the  curb  be  given  a 
slope  of  about  35°   on  the  side  fac- 


ing the  road  so  that  the  total  width 
will  be  about  20'  or  a  total  minimum 
width  of  cut  of  17'  8".  The  com- 
mittee believes  that  a  road  construct- 
ed in  this  manner  will  offer  as  great 
facility  to  traffic  as  though  made 
with  shoulders  and  gutters  and  oc- 
cupying a  cut  26'  wide.  Under  fav- 
orable conditions  it  is  believed  that 
the  cost  of  constructing  the  extra 
6'  of  concrete  and  curbs  would  not 
be  more  than  25%  greater  than  the 
construction  of  macadam  shoulders 
with  paved  gutters  and  the  cost  of 
maintenance  is  greatly  reduced. 

The  construction  on  fills,  however, 
should  be  with  curbs  having  a  ver- 
tical face.  On  fills  that  are  more 
than  5'  or  6'  deep  or  where  suffi- 
cient material  cannot  readily  be  ob- 
tained to  widen  the  fills  to  26'  on- 
top  with  broad  slopes  it  is  recom- 
mended that  the  concrete  pavement 
be  widened  to  l6'  or  18'  and  ver- 
tical curb  6"  high  be  constructed. 
The  curb  answers  a  double  purpose 
in  preventing  erosion  of  the  fill  by 
storm  water  which  falls  upon  the 
pavement  proper  and,  second,  offers 
a  very  considerable  protection  to 
traffic.  The  fills  should  be  at  least 
6'  wider  than  the  pavement  but  in 
no  case  less  than  22'  wide  on  top. 
This  will  give  sufficient  room  to  set 
a  strong  guard  fence  outside  of  the 
line  of  the  curb. 

On  two-track  roads  with  grades  of 
5%  and  over  on  cuts  it  is  recom- 
mended that  gutters  and  shoulder* 
be  done  away  with  and  a  curb  be 
constructed  allowing  the  whole  road 
surface  to  take  extra  storm  water. 
The  recommended  width  is  16'  at 
least  and  preferably  18'.  On  fills 
the  construction  recommended  is  like 
that  for  the  construction  of  shoul- 
ders for  single  track  road  on  fills. 
If  the  fill  is  on  a  grade  the  curb 
should  be  provided.  If  the  fill  is 
over  5'  or  6'  deep  and  cannot  be 
made  wide,  vertical  curbs  are  recom- 
mended. 


[170] 


A  principle  of  reinforced  concrete 
is  now  apparently  being  used  in  con- 
nection with  the  manufacture  of  the 
latest  and  most  up-to-date  type  of 
German  aeroplane.  Wings  compos- 
ed of  "slabs  of  synthetic  resin,  re- 
inforced with  wire  mesh,  and  metal- 
lic rods  made  of  alloy,"  to  quote 
a  daily  paper  of  wide  circulation, 
have  been  tested  and  found  to  be 
not  only  of  great  tensile  strength, 
but  practically  "invisible."  Rein- 
forcement of  this  type  is  a  novelty, 
which  will  probably  appeal  to  the 
firms  which  manufacture  reinforcing 
fabric. 
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CONCRETE 


A  Review  of  Various  Experiences 
in  Waterproof! no- 


Uv  R.  B.  Sleight^ 


This  discussion  of  waterproofing 
methods  is  not  based  upon  original 
expcrinuntal  research  by  tlie  writer 
in  any  way  but  upon  a  general  study 
of  the  available  data  and  perform- 
ances of  existing  pieces  of  work  as 
given  and  described  by  a  few  in- 
vestigators and  authors  of  tiie  past 
10  years,  and  upon  some  personal 
observation.  This  will  lake  up  wa- 
terproofing primarily,  and  damp- 
proofing  only  in  as  far  as  the  pro- 
cesses are  identical. 

It  will  be  well  to  state  the  gen- 
erally accepted  causes  of  permeabil- 
ity in  concrete: 

(a)  The  lack  of  proper  provision 
for  settling  and  expansion,  designed 
to  prevent  cracks;  and  the  lack  of 
adequate  drainage  during  construc- 
tion. 

(b)  The  use  of  improperly  grad- 
ed aggregate  and  lean  mixtures. 

(c)  Defective  workmanship  in 
form  building,  mixing  and  placing. 
The  last  is  probably  the  most  preva- 
lent cause  of  leaky  concrete  struc- 
tures. 

Methods  used  to  produce  water- 
proof concrete  may  be  placed  in  the 
following  three  general  classes: 

1.  By  the  mejnbrane  method  an 
external  treatment  of  hardened 
concrete   to   produce    watertightness. 

2.  By  the  integral  metiiod.  in- 
volving addition  of  waterproofing 
ingredients  to  the  concrete  while 
mixing,  i.  e.,  the  use  of  some  sub- 
stance other  than  the  mixture  of  ce- 
ment, sand  and  stone  with  w.ater. 

3.  By  proper  selection,  grading 
and  proportioning  of  the  aggregate. 

Each  method  has  advantages  and 
will  be  discussed  separately. 

EXTERNAL  TREATMENT  OF  THE  CON- 
CRETE STRUCTURE 

The  membrane  method  consists 
either  of  using  a  coating  that  will 
prevent  the  water  from  coming  in 
contact  with  the  concrete,  or  treat- 
ing the  surface  in  a  manner  such  as 
effectively  to  seal  the  surface. 

This  method  is  most  widely  used 
as  a  corrective  measure,  for  repair- 
ing cracks  appearing  on  or  cover- 
ing the  surfaces  of  tanks  and  reser- 
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voirs  that  after  trial  have  proved 
defective  as  to  waterproof  require- 
ments. However,  the  treatment  is 
sometimes  used  as  soon  as  the  con- 
crete has  set.  The  most  common 
successful  method  is  the  use  of 
tarred  paper  or  felt  placed  in  layers 
in  liot  pitch  or  asphalt  on  the  sur- 
face and  protected  with  a  suitable 
covering  such  as  an  .additional  layer 
of  concrete  or  a  brick  wall, 

A  treatment  of  the  hardened  con- 
crete to  close  the  pores  at  the  sur- 
face is  eommon,  its  cost  is  not  ex- 
cessive and  in  many  instances  is  the 
most  desirable  one  to  be  advised. 
I'or  work  in  which  cracks  have  to  be 
contended  with  or  in  which  uniform 
settlement  may  occur  asplialt  proba- 
bly forms  one  of  the  most  effective 
coatings.  This,  applied  hot  to  the 
clean  concrete,  should  be  of  such  a 
(juality  that  the  heat  of  the  summer 
sun  will  not  cause  it  to  flow  and  it 
should,  if  in  a  cold  climate,  not 
crack  to  cause  failure  .at  the  low  tem- 
|)eratures  to  which  it  will  be  sub- 
jected. Asphalt  coating  can  be  used 
onlv  where  its  color  will  not  be  ob- 
jectionable. 

The  use  of  a  neat  cement  wash 
coating  applied  with  brush  has  been 
found  effective  for  low  heads  up  to 
about  10'.  It  is  easily  applied  and 
in  many  cases  is  to  be  recommended. 
Its  use  in  concrete  lined  channels 
and  conduits  not  only  increases  the 
watertightness  but  also  reduces  the 
coefficient  of  friction.  The  objection 
is  that  under  changes  of  tempera- 
ture and  moisture  conditions  it  is  apt 
sometimes  to  crack  and  peel  off, 
especially  if  the  surface  has  not 
been  well  prepared  and  cleaned  be- 
fore application. 

On  small  structures,  where  the  cost 
is  not  of  great  importance,  the  use 
of  various  paints  and  proprietary 
compounds  may  be  found  advantage- 
ous, particularly  so  when  it  is  de- 
sired to  combine  coloring  with  wa- 
terproofing. 

The  old  Sylvester  method  or  modi- 
fications of  this  have  been  used  with 
more  or  less  success  when  applied  to 
concrete  as  a  waterproofing  method. 
This  consists  of  alternately  washing 
the  structure  with  a  hard  or  a  soft 
soap  solution  and  then  with  a  solu- 
tion of  alum.    There  are  recommend- 


ed" for  the  soap  solution,  2.2  lbs.  of 
soap  per  gal.  of  water  and  for  the 
alum  solution  1  lb.  of  alum  per  gal. 
of  water.  Aluminum  sulphate  sub- 
stituted for  the  alum  is  cheaper  and 
equally  effective.  The  concrete  sur- 
face is  given  from  one  pair  to  eight 
pairs  of  coats,  as  is  necessary.  Im- 
permeability under  heads  of  100' 
are  claimed  for  the  alum  and  soap 
wash. 

These  methods  represent  ap- 
proved practice  for  hardened  con- 
crete surfaces  to  obtain  waterproof 
properties  and  the  selection  of  the 
one  to  be  used  will  depend  upon  the 
character  of  the  work  and  the  .allow- 
able cost. 


THE      ADDITION      OF      WATERPROOFINO 
INGREDIENTS 

The  use  of  various  ingredients  in- 
corporated into  the  mix  has  been  the 
subject  of  considerable  investiga- 
tion and  these  materials  have  been 
extensively  employed  in  practice. 
The  substances  used  may  be  classi- 
fied as  water-repellant  or  oil-like  ma- 
terials, and  inert,  void-filling  sub- 
stances as  clay,  or  another  division 
might  be  made  in  separating  mech- 
anical action  and  chemical  action. 
This  last  classification  will  not  be 
discussed  in  this  article.  The  prin- 
cipal ingredients  in  use  are:  pro- 
prietary compounds  and  prepara- 
tion's which  are  protected  by  patent, 
oils,  clay,  puzzolan,  cement,  hydrated 
lime  and  a  mixture  of  soap  and  alum. 
Numerous  tests  have  been  made  in 
the  use  of  these  substances  to  deter- 
mine their  value  in  producing  im- 
permeability and  their  effect  upon 
the  strength  of  the  concrete. 

Commercial  compounds  under  test 
have  shown  as  a  rule  that  with  prop- 
er care  in  their  use  the  concrete 
may  be  made  reason.ably  waterproof. 
In  many  recorded  experiments^  there 
is  shown  a  reduction  in  the  strength, 
both  in  tension  and  compression,  of 
the  concrete  in  which  these  ingredi- 
ents have  been  used.  A  few  cases 
are  reported  where  practical  difficul- 
ties in  placing  have  not  allowed 
their  use,  particularly  because  of 
foaming  and  not  mixing.  As  a  rule, 
considerable  care  is  necessary  in  the 
employment  of  any  proprietary 
compound  to  produce  the  best  re- 
sults. 

The  selection  of  oils  used  for  wat- 
erproofing concrete  must  be  made 
with  considerable  care.*  Experi- 
ments made  on  the  high  asphalt  oils 
of  California  have  shown  that  these 
are    not    effective    as    waterproofing 
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agents  and  cause  a  decrease  in 
strength.  This  lack  of  waterproof- 
ing quality  is  probably  due  to  the 
fact  that  these  high  mineral  oils  do 
not  emulsify  and  mix  with  the  con- 
crete. It  was  shown  that  with  from 
5%  to  15%  of  oil  the  product  was 
more  permeable  (pressures  of  20 
lbs.  to  60  lbs.  per  "sq.  in.),  tensile 
strength  was  less  and  compressive 
strength  was  less  than  for  plain 
mortar. 

Oils  coming  under  the  following 
specifications^  have  been  found  much 
more  desirable  in  producing  imper- 
viousness  and  in  their  effect  upon 
strength : 

1.  Oil  to  have  a  specific  gravity  not 
less  than  .930  and  not  greater  than  .940 
at  25°  C. 

3.  It  shall  be  at  least  99.9%  soluble  in 
carbon  disulphide  at  air  temperature. 

3.  It  shall  contain  not  less  than  1.5% 
and  not  more  than  2.5%  of  bitumen  in- 
soluble in  .86°  B.  paraffin  naphtha. 

i.  It  shall  yield  not  less  than  2.5% 
nor  more  than  4.0%  of  residual  coke. 

5.  When  240  cc.  of  oil  is  heated  in 
an  Engler  viscosiraeler  to  50°  C.  and 
maintained  at  that  temperature  for  at 
least  3  min.  the  first  100  cc.  that  flows 
out  shall  show  a  viscosity  of  not  less 
than  40  nor  more  than  45. 

6.  When  20  grams  of  oil  is  heated  for 
S  hrs.  in  a  cylindrical  tin  dish,  2%"  in 
diam.  by  1"  high  at  a  constant  tempera- 
ture of"  163°  C.  the  loss  in  weight  shall 
not  exceed  2%. 

These  specifications  exclude  the 
high  asphaltum   oils   of   California. 

The  samples  used  in  experiment 
and  coming  under  the  above  speci- 
fications were  combined  with  a  1:3:6 
concrete.  It  was  shown  that  while 
the  strength  was  decreased  some- 
what by  the  addition  of  10%  of  oil 
the  mortar  was  absolutely  water- 
proof for  pressures  up  to  40  lbs.  per 
sq.  in. 

The  possible  use  of  clay  as  a 
waterproofing  agent  when  mixed 
wiht  the  cement,  sand  and  stone  has 
been  investigated  to  some  extent. 
Reliable  data"  show  that  the  addi- 
tion of  clay  decreases  permeability 
considerably  and  increases  strength 
to  a  slight  degree.  Its  use  as  bal- 
anced against  the  addition  of  extra 
cement  to  accomplish  the  same  re- 
sult will  in  all  cases  have  to  be  based 
upon  a  careful  consideration  and 
comparison  of  costs.  Both  plain  blue 
brick  clav  and  pure  white  Georgia 
clay  show  about  the  same  proper- 
ties as  far  as  producing  waterproof- 
ing is  concerned. 

Hydrated  lime  is  emploj-ed  effec- 
tively but  can  probably  be  used  most 
economically  for  the  lower  heads 
only.  A  1:3:6  concrete  requires  a 
•weight   of    hydrated   lime    equal    to 
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20%  of  the  weight  of  the  cement  to 
be  efficiently  waterproofed  for  high 
heads.  The  same  comparison  of  the 
cost  of  hydrated  lime  required  with 
the  cost  of  excess  cement  to  produce 
an  equivalent  waterproofing  effect 
must  be  made  here  as  in  the  use  of 
clay. 

Pozzolan  cement  was  found'  to  be 
less  effective  than  hydrated  lime  in 
producing  imjaermeability.  It,  how- 
ever, finds  ■  use  in  structures  exposed 
to  the  action  of  sea  water. 

A  simple  method  showing  consid- 
erable promise,  which  has  not  been 
used  to  a  large  extent,  is  that  of  the 
soap  and  alum  mixture.  The  recom- 
mended proportions  for  this  are 
alum  1  part  and  hard  soap  2  parts, 
both  by  weight;  or,  a  cheaper  and 
equally  effective  substitute  is  alumi- 
num sulphate,  1  part  and  hard  soap 
3  parts  by  weight.  Where  this  was 
used  in  sufficient  quantity  to  fill  5% 
of  the  voids,  percolation  was  reduced 
to  j^  of  that  of  untreated  mortar. 
No  absolutely  impermeable  concrete 
was  produced.  The  strength  of  the 
product  was  reduced  somewhat  from 
that  of  the  untreated  concrete. 

Among  the  other  ingredients 
which  have  been  tried  with  more  or 
less  success  may  be  mentioned  fats, 
soft  soap,  lye,  soap  and  alum  mixed, 
pitch,  resin,  wax  and  paraffin.  None 
of  these  is  of  particular  importance 
alone,  although  many  of  the  pro- 
prietary compounds  contain  these 
substances  in  mixture  or  in  chemical 
combination. 

PROPER   GR.IDING   AND   AN    EXCESS 
OF    CEMENT 

The  method  that  combines  in- 
creased strength  with  impervious- 
ness  in  concrete  is  that  of  the  proper 
grading  of  the  materials,  cement, 
sand  and  stone,  combined  with  an 
excess  of  cement.  The  same  gen- 
eral statements  can  be  made  regard- 
ing watertightness  as  regarding 
strength:  with  the  same  percentages 
of  cement  the  mixtures  giving  the 
most  dense  concrete  are  the  most 
watertight,  and  with  the  same  den- 
sity and  different  percentages  of  ce- 
ment the  watertightness  decreases 
with  increased  quantities  of  cement. 
This  method  has  been  used  in  many 
important  structures.  Notably  among 
these  are  the  Catskill  Aqueduct  and 
the  Los  Angeles  Aqueduct  tunnel. 
This  method  was  employed  after 
considerable  study  and  some  experi- 
mentation with  other  methods.  The 
best  of  results  were  obtained.  The 
mixture  used  was  a  1 :2 :4  concrete. 
Tests   made   in  connection   with  the 
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Catskill  structure  led  to  the  conclu- 
sions :  *"with  reasonable  care  in  mix- 
ing and  placing  concrete,  and  with 
sufficient  excess  cement,  a  concrete 
can  be  had  which  will  be  practically 
watertight  gaainsc  hydrostatic  heads 
of  several  hundred  feet."  (In  this 
37.1%  in  excess  of  voids  was  used, 
amounting  to  1.70  bbls.  per  cu.  yd. 
of  concrete.)  In  the  test  of  the  tun- 
nel a  maximum  head  of  312  lbs.  per 
sq.  in.  was  applied  with  practically 
no  leakage.  Many  other  structures 
bear  out  these  conclusions. 

In  experiments  of  the  same  na- 
ture by  Fuller  and  Thompson^  con- 
clusions were  reached  as   follows: 

1.  The  rate  of  flow  is  less  as  the  per- 
centage of  cement  increases,  and  in  a 
much  larger  inverse  ratio.  (The  ex- 
treme case  is  tWs:  a  concrete  with  8% 
of  cement  allowed  the  passage  of  273 
grams  of  water  per  min.  at  80  lbs.  pres- 
sure, .while  with  15%  of  cement  the  con- 
crete allowed  only  12  grams  per  min.  to 
pass.) 

2.  The  rate  of  leakage  through  con- 
crete decreases  materially  with  age. 

3.  Permeability  increases  about  uni- 
formly with  increase  of  pressure. 

4.  The  rate  of  flow  through  concrete 
increases  as  thickness  decreases,  but  in  a 
much  larger  inverse  ratio. 

The  objection  to  the  rich  mixture 
is  that  it  is  apt  to  check  and  crack. 
Unless  well  protected  by  steel  and 
in  other  ways  from  rapid  changes  in 
weather  and  temperature  conditions, 
its  use  would  not  seem  advisable  for 
all  structures,  even  if  cost  estimates 
were  in  its  favor. 

After  analysis  of  several  methods 
it  is  not  possible  to  give  definite  con- 
clusions and  directions  as  to  what 
means  of  waterproofing  should  be 
used.  Each  of  the  particular  sys- 
tems described  is  applicable  under 
certain  conditions,  and  combinations 
are  often  desirable  and  advisable. 
It  can  be  stated  definitely,  however, 
that  bad  workmanship  cannot  be 
completely  counteracted  by  the  addi- 
tion of  waterproofing  compounds  or 
ingredients. 

A  combination  of  external  coating 
and  void-filling  materials  is  sug- 
gested where  increased  streng^th  is 
not  a  necessity.  The  addition  of  ex- 
cess cement  in  cases  in  which  cracks 
are  not  apt  to  appear  or  in  which 
the  concrete  lias  no  opportunity  to 
drv  out.  is  undoubtedly  advisable. 
In  this  watertightness  is  combined 
with  increased  strength.  Many  of 
the  patented  compounds  are  com- 
mendable and  serve  the  purpose  for 
which  they  are  intended,  while  oth- 
ers are  largely  valuable  as  money- 
making  propositions  for  the  manu- 
facturer. Very  few  of  them  add  to, 
and     many     are     injurious     to     the 
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strcngtli  of  the  concrete,  and  have 
no  permanent  effect  upon  perme- 
ability. In  view  of  this  their  use  is 
not  advised  unless  reliable  data  are 
at  hand  showing;  the  action  of  the 
particular  brand  under  a  long-time 
test. 

With  correctly  graded  aggregate, 
enough  water  to  produce  a  consist- 
ency such  tiiat  but  little  tamping  is 
required  (not  an  excess  of  water), 
and  with  good  workmanship,  reason- 
ably impermeable  concrete  may  be 
obtained  witii  quite  lean  mixtures. 
In  all  concrete  construction  the  prime 
requisite  is   good   workmanship. 


A  Time-Saviii^r  Table  For 
Plasterers 

A  method  that  will  save  time  and 
mistakes  in  figuring  plastering  work 
is  contributed  by  P.  H.  Bosworth.' 

"Put  down  in  two  columns  the 
lengths  of  the  two.  sides  of  the 
rooms  to  be  figured  that  have  the 
same  ceiling  height.  Add  each  col- 
umn and  multiply  the  totals  by  2 
for  the  four  sides  of  the  rooms ; 
then  multiply  each  by  the  ceiling 
height ;  this  gives  the  sq.  ft.  in  walls. 

Extend  a  third  column  from  the 
other  two  by  multiplying  the  two 
sides  of  each  room  together  which, 
when  added,  gives  the  sq.  ft.  in  the 
-ceiling."  Add  the  three  totals  together 
and  divide  by  nine  for  the  sq.  yds. 
in  the  job.  Rooms  having  wain- 
scoting and  high  base  are  figured 
separately." 

Mr.  Bosworth  has  compiled  a 
ready  reference  tabk.  which  is  worth 
preserving. 


Bureavi    of    Standards    Re- 
opens Investioation  of 
Waterproofing 

.\nnouncement  is  made  that  the  U. 
S.  Bur.  of  Standards  is  to  undertake 
a  continuation  of  the  tests  of  damp- 
proofing  and  waterproofing  materi- 
als, as  reported  in  Technologic  Pa- 
per No.  3  dated  Aug.  22,  IPU,  en- 
titled. Tests  of  the  Absorptive  and 
Permeable  Properties  of  Portland 
Cement  Mortars  and  Concrete,  to- 
gether with  Tests  of  Damp-proofing 
and  Waterproofing  Compounds  and 
Materials. 

Waterproofing  manufacturers  have 
been  very  much  dissatisfied  with  the 
findings  of  the  Bureau's  investigators, 
in  Technologic  Paper  No.  3.  It  will 
be    interesting   here    to   quote    from 
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tiie   summary   of   the   report   as    fol- 
lows: 

Portland  cement  mortar  and  concrete 
can  be  made  practically  watertight  or 
impermeable  to  any  hydrostatic  head  up 
to  +0'  without  the  use  of  any  of  the 
so-called  "integral"  waterproofui";  mate- 
rials, hut  in  order  to  obtain  such  im- 
permeable mortar  or  concrete,  consider- 
able care  should  be  exercised  in  selecting 
good  materials  as  aggregate,  and  pro- 
portioning them  in  such  a  manner  as  to 
ol)tain  a  dense  mixture.  The  consistency 
of  tlie  mixture  should  be  wet  enough  so 
that  it  can  be  puddled,  the  particles  flow- 
ing into  position  without  tamping.  The 
mixture  stiould  be  well  snaded  against 
the  form  in  which  it  is  placed  so  as  to 
avoid  the  formation  of  pockets  on  the 
surface. 

The  addition  of  so-called  "integral" 
waterproofing  compounds  will  not  com- 
pensate for  lean  mixtures,  nor  for  poor 
materials,  nor  for  poor  workmanship  in 
ttie  fabrication  of  the  concrete,  since  in 
]>ractice  the  inert  integral  compounds 
(acting  simply  as  void  filler  material) 
arc  added  in  such  small  quantities  as  to 
have  very  little  or  no  effect  on  the  per- 
meability of  the  concrete.  If  the  same 
care  be  taken  to  make  the  concrete  im- 
permeable without  the  addition  of  water- 


proofing materials  as  is  ordinarily  taken 
when  waterproofing  materials  are  added, 
an  impermeable  concrete  can  be  obtained. 

In  view  of  the  fact  that  numerous 
engineers  continue  to  use  integral 
waterproofing  material  with  appar- 
ent satisfaction,  in  spite  of  the  re- 
port of  the  Bur.  of  Standards  in 
Technologic  Paper  No.  3,  the  Bu- 
reau has  decided  to  extend  the  in- 
vestigation made  several  years  ago 
when  a  great  many  of  the  water- 
proofing compounds  which  were 
available  at  that  time  were  looked 
into.  The  new  investigation,  or 
rather  the  continued  investigation, 
contemplates  the  construction  of 
tanks  of  commercial  size  "with  and 
without  waterproofing."  The  tanks 
are  to  be  built  by  contract  under 
normal  field  conditions.  Investiga- 
tion also  contemplates  a  field  survey 
on  the  experiences  of  various  engi- 
neers and  contractors  with  integral 
waterproofing  materials.  The  de- 
tailed program  of  investigations  has 
not  yet  been  completed. 
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- 

66  6 

69  8 

72  - 

74  6 

80  - 

85  3 

90  a 

12x13 

50 

56 

2 

59 

_ 

61  7 

64  5 

67 

3 

70  1 

72  8 

75  6 

78  4 

84  - 

89  5 

95  1 

13x13 

52 

59 

2 

62 

1 

65  - 

67  8 

70 

7 

73  6 

76  5 

79  2 

82  3 

88  1 

93  8 

99  6 

13x14 

54 

62 

2 

65 

2 

68  2 

71  - 

74 

2 

77  - 

80  2 

83  2 

86  2 

92  2 

98  2 

104  2 

14X14 

56 

65 

3 

68 

4 

71  5 

74  6 

77 

7 

80  1 

84  - 

87  1 

90  2 

96  4 

102  6 

108  8 

14X15 

58 

68 

4 

71 

6 

74  8 

77  8 

81 

3 

84  5 

87  7 

91  - 

94  2 

100  6 

107  1 

113  5 

15x13 

60 

71 

6 

75 

_ 

78  3 

81  6 

8S 

- 

88  3 

Ql  6 

95  - 

98  3 

105  - 

111  6 

118  3 

15X16 

62 

74 

8 

78 

3 

81  7 

85  2 

88 

6 

92  1 

95  5 

99  3 

102  4 

109  3 

116  2 

123  1 

16x10 

64 

78 

2 

81 

7 

85  3 

88  8 

92 

4 

96  - 

99  5 

103  1 

106  6 

113  7 

120  8 

128  - 

16x17 

66 

81 

5 

85 

2 

88  8 

92  7 

90 

2 

99  8 

103  5 

107  2 

110  8 

118  2 

125  5 

132  8 

17X17 

68 

85 

— 

88 

7 

92  5 

96  3 

100 

1 

103  8 

107  6 

111  4 

115  2 

122  7 

130  3 

137  8 

17x18 

70 

88 

4 

92 

3 

96  2 

100  1 

104 

_ 

107  8 

lU  7 

115  6 

119  5 

127  3 

135  1 

142  8 

18X18 

72 

92 

- 

96 

- 

100  - 

104  - 

108 

- 

112  - 

116  - 

120  - 

124  - 

132  - 

140  - 

148  - 

18x19 

74 

95 

5 

99 

6 

103  7 

107  8 

112 

_ 

116  1 

120  2 

124  3 

128  4 

136  6 

144  8 

153  1 

19x19 

76 

99 

2 

103 

4 

107  6 

111  8 

116 

1 

120  3 

124  5 

128  7 

133  - 

141  4 

148  8 

158  3 

19x20 

78 

102 

8 

107 

2 

111  5 

115  8 

120 

2 

124  5 

128  8 

133  2 

137  5 

146  2 

154  5 

163  5 

20x20 

80 

106 

6 

111 

1 

115  5 

120  - 

124 

4 

128  8 

133  3 

137  7 

142  2 

151  1 

160  - 

168  8 

20x21 

82 

110 

4 

115 

_ 

119  5 

124  1 

128 

6 

133  2 

137  7 

142  3 

146  8 

156  - 

165  1 

174  2 

21x21 

84 

114 

3 

119 

- 

123  6 

128  3 

133 

- 

137  1 

142  3 

147  - 

151  6 

161  - 

170  3 

179  6 

21x22 

86 

118 

2 

123 

_ 

127  7 

132  5 

137 

3 

142  1 

146  8 

151  6 

156  4 

166  - 

175  5 

185  2 

22x22 

88 

122 

2 

127 

1 

132  - 

136  8 

141 

7 

146  6 

151  5 

156  4 

161  3 

171  1 

180  8 

190  6 

22x23 

90 

126 

2 

131 

2 

136  2 

141  2 

146 

- 

131  2 

156  2 

161  2 

166  2 

176  2 

186  2 

196  2 

23X23 

92 

130 

3 

135 

4 

140  5 

145  6 

150 

7 

135  8 

161  - 

165  1 

171  2 

181  4 

191  6 

201  8 

23X24 

94 

134 

4 

139 

6 

144  8 

150  1 

155 

3 

160  5 

165  7 

171  - 

176  2 

186  6 

197  1 

207  5 

24x24 

96 

139 

6 

144 

— 

149  3 

154  6 

160 

— 

165  3 

170  6 

176  - 

181  3 

192  - 

202  6 

213  3 

24X25 

98 

142 

8 

148 

3 

153  7 

159  2 

164 

6 

170  1 

175  5 

181- 

186  4 

197  3 

208  2 

219  1 

25X25 

100 

147 

2 

152 

7 

158  3 

163  8 

169 

4 

175  - 

180  5 

186  1 

191  6 

202  7 

213  8 

225  - 

Explanation  of  Table 

First  column — size  of  rooms — is  for  rooms  that  are  square,  or  nearly  square,  up  to  25' 
each  way.     Height  of  ceilings.  7'  to  14'. 

Second  column — lin.  ft.  around  rooms — is  for  any  shaped  room  where  the  size  of  the 
sides,  or  the  combined  sides,  do  not  exceed  100. 

Example — To  find  tlie  yards  of  plastering  in  a  room  16'  x  16',  ceilings  10'  0"  high,  run 
down  first  column — size  of  rooms — as  the  room  in  tliis  case  is  square,  to  line  27,  which  gives 
the  16  X  16  room.  Follow  this  line  across  to  the  10'  0"  ceiling  column,  where  the  answer 
is  99  yds.  5  ft. 

Again — To  find  the  yards  of  plastering  in  a  room  16'  x  20',  ceilings  10'  6"  high,  the  com- 
bined sides,  twice  16  and  20  makes  the  sum  72;  run  down  the  second  column  to  line  31,  which 
gives  the  lin.  ft.  around  rooms  as  72.  Follow  this  line  across  to  the  10'  6"  ceiling  column, 
where  the  answer  is  120  yds. 

Subdivide  irregular  shaped  rooms  into  regular  shaped  units,  proceed  as  above,  make 
necessary  allowances  for  duplicating  sides. 

=Copyright,  1913,  bv  P.  H.  Bosworth 
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Design  and  Structural  Details  of  Concrete  Lining 
for  Irrigation  Canals' 


In  tlie  U.  S.,  irrigation  canals  are 
for  the  most  part  excavated  in  earth, 
and,  except  in  a  few  cases,  a  large 
percentage  of  the  water,  estimated  at 
40%  of  the  amount  taken  in  at  the 
heads  of  the  main  canals,  is  lost  by 
absorption  and  penetration  along  the 
routes.  But  allowing  for  water  later 
collected  by  lower  conduits,  the 
amount  that  is  wholly  lost  may  be  re- 
duced to  25%.  Loss  of  water  in  ir- 
rigation canals  is  due  to  several 
causes  but  by  far  the  greatest  loss 
is  due  to  seepage.  Prevention  of 
seepage  loss  is  best  accomplished  by 
lining  the  canals  and  of  all  linings 
tried  concrete  is  the  most  satisfactory 
and  is  being  most  used. 

CARRYING    CAPACITIES    OF     COXCRETE- 
LINED  CANALS 

Data  pertaining  to  the  carrying 
capacities  of  18  concrete-lined  canals 
were   assembled  and   summarized. 

Perhaps  the  most  important  con- 
clusion to  be  drawn  from  the  76 
measurements  of  the  18  canals  sum- 
marized is  that  the  so-called  coeffi- 
cient of  friction  n  is  on  an  average 
larger  than  has  usually  been  assumed 
by  engineers.  The  results  show  that 
only  in  rare  cases,  where  conditions 
are  more  or  less  nearly  ideal,  is  one 
justified  in  assuming  a  value  as  low 
as  0.012  for  n.  The  Ridenbaugh 
canal  of  the  Nampa  and  Meridian  ir- 
rigation district  of  Idaho  belongs  to 
this  class.  The  flow  in  this  concrete- 
lined  canal  has  been  measured  by  at 
least  five  engineers  and  their  average 
result  as  regards  the  value  of  n  is  a 
trifle  below  0.012.  In  the  results  as- 
sembled, one  also  finds  a  value  of  n 
as  high  as  0.0197  and  five  others 
greater  than  0.018.  Again,  in  the 
concrete-lined  canals  of  southern 
California  a  coating  consisting  of  a 
vegetable  and  mineral  accumulatios 
was  found  adhering  to  the  peri- 
meters. The  effect  of  this  coating  on 
the  flow  of  water  is  seen  in  the  high 
coefficient  of  friction  for  these  chan- 
nels. 

The  following  approximated 
values  for  n  may  serve  as  a  guide  to 
those  who  are  required  to   estimate, 


'Abstract  from  Bulletin  No.  126  of  the  U. 
S.  Dept.  of  Agriculture  on  "Concrete  Lining 
as  Applied  to  Irrigation  Canals,"  by  Samuel 
Fortier,  Chf.  of  Irrigation  Investigations. 
This  bulletin  treats  of  the  subject  of  concrete 
lining  for  irrigation  canals  from  the  stand- 
points of  economy,  design  and  construction. 
It  is  intended  for  the  use  of  irrigation  en- 
gineers and  the  managers  and  superin- 
tendents of  irrigation  systems. 
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prior  to  construction  and  operation, 
the  discharge  of  lined  canals. 

I.  n  ^=  0.012  for  concrete-lined  canals 
having  a  smootli  sidewalk  finish,  clean 
bottom,  no  moss,  uniform  cross-section, 
well  formed  joints,  long  tangents,  flat 
spiral  curves,  no  perceptible  undulations 
on  tlie  surface  of  the  water,  and  in  gen- 
eral the  best  construction  and  the  best 
conditions  obtainable  in  practice. 

II.  n  =  0.013  for  concrete-lined  canals 
having  conditions  slightly  better  than 
those  of  Type  III  and  not  so  good  as 
those  of  Type  I. 

III.  n  r=  0.014.  for  concrete-lined 
canals  having  an  unplastered  or  rough 
troweled  surface,  clean  bottom,  uniform 
cross-section,  well  formed  joints,  medium 
curvature,  no  spiraN,  slight  surface  un- 
dulations, no  aquatic  vegetation,  and  in 
general  good  construction  and  favorable 
conditions. 

IV.  n  =:  0.015  for  concrete-lined 
canals  having  conditions  similar  to  those 
of  Type  III.  but  with  greater  curvature 
and  some  debris  or  other  retarding  in- 
Huences. 

V.  n  =  0.016  for  concrete-lined 
canals  of  average  worlimanship  and  medi- 
um conditions,  having  a  rough  surface, 
imperfect  joints,  and  sharp  curves;  also 
for  canals  of  smooth  lining  and  good 
workmanship,  hut  having  one  or  more 
unfavorable  conditions,  such  as  sand  and 
gravel  in  the  bottom  or  projecting  joints 
which  decrease  the  velocity  of  water. 

VI.  TO  =  0.017  for  concrete-lined 
canals  roughly  coated,  but  otherwise  in 
medium  condition. 

VII.  n  =  0.018  for  concrete-lined 
canals  coated  as  in  Type  VI  and  having 
the  bottom  more  or  less  covered  with  sand 
and  gravel,  or  else  a  clean  bottom  but 
poor  alignment,  irregular  cross-section, 
broken  gradient,  or  the  like. 

ECONOMY    OF    CONCRETE    LINING 

In  determining  the  economy  of 
concrete  lining  for  a  given  canal,  one 


has  to  consider  and  compare  the  cost 
and  benefits  of  such  work.  Itemized 
statements  of  the  cost  of  concrete 
lining  for  various  canals  are  given 
in  another  part  of  this  report.  The 
])rincipal  benefits  to  be  derived  from 
lining  are  briefly  discussed  under  the 
following  heads : 

(1)  Seepage  Water  and  Its  Value. — 
The  possible  saving  in  seepage  losses  by 
lining  can  be  readily  determined  for 
canals  already  in  use,  and  the  portions  in 
which  this  is  important  can  be  located  by 
measurements  of  the  discharge.  In  some 
cases  the  loss  in  short  distances  may  be 
suflicient  to  make  the  lining  of  these  de- 
sirable, although  it  would  not  be  practica- 
ble to  line  the  canal  as  a  wliole. 

In  nearly  every  irrigated  district  of  the 
West  water  which  can  be  saved  through 
the  prevention  of  seepage  has  a  value.  As 
the  demand  for  water  increases  the  value 
of  any  saving  will  also  Increase  until 
methods  of  canal  lining  at  present  too 
expensive  to  be  considered  may  become 
practicable.  The  value  of  the  water 
wliich  may  be  saved  varies  widely  in  the 
different  portions  of  the  country.  On 
the  larger  systems  now  being  constructed, 
water  rights  are  being  sold  for  from  $25 
to  $50  per  acre,  and  in  some  cases  for 
even  higher  prices. 

Based  on  the  final  estimated  cost  and 
acreage  included,  the  average  estimated 
cost  per  acre  Jul.  1,  1910,  was  $48.14  for 
the  V.  S.  Reclamation  Service  projects 
and  $21.75  for  the  Carey  Act  projects. 
Tlie  duty  of  water  delivered  under  these 
riglits  is  also  variable  and  will  probably 
average  1  sec.-ft.  to  100  acres.  Inasmuch 
as  any  saving  in  canal  seepage  can  be 
delivered  to  the  user  with  small  addi- 
tional loss,  each  O.OI  sec.-ft.  saved  should 
make  it  possible  to  serve  another  acre. 
The  additional  expense  required  for  such 
irrigation  would  be  for  the  lateral  system 
only,  as  the  storage  and  diversion  works 
would  not  be  affected.  On  this  basis  each 
sec.-ft.  of  water  which  can  be  saved 
should  have  a  value  of  from  $2,500  to 
.$.5,000.  Allowing  $750  for  the  additional 
cost  of  the  distributing  system  leaves 
$3,000  as  a  general  average  for  the  value 
of  each  sec.-ft.  saved  by  lining. 

(2)  Increase  in  Carrying  Capacity. — 
The  volume  carried  by  a  canal  in  earth 
is  as  a  rule  much  less  than  that  carried 
by  a  concrete-lined  canal  of  the  same 
dimensions   and   grade.     This   is    due   to 


Fig.  1 — Curves  Sno-m-NG  Expansion  axd  Coxtbactiotj   of  Concrete  fbom   AcxnAi. 
Measukements  Made  on  a  10-ft.  Slab 
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the  smoother  perimeter  of  the  latter,  and 
its  greater  uniformity  in  cross-section, 
alignment,  and  grade.  The  discharge  of 
a  typical  canal  in  earth  having  a  mean 
velocity  of  3.5  ft.  per  sec.  and  a  coetfi- 
cicnt  of  friction  (»  in  Kutter's  formula) 
of  0.0225,  may  be  increased  from  25%  to 
HO</r  by  lining  with  concrete.  A  gain  of 
of  25%  in  the  volume  carried  is  readily 
ol)taincd  as  tlie  result  of  lining,  but  to 
secure  a  gain  of  80%  involves  the  con- 
struction of  first-class  lining  and  condi- 
tions favoral)le  to  the  maximum  discharge 
of  water  in  sucli  channels. 

(3)  Reduction  of  Charge  for  Opera- 
tion and  Maintenance. — On  many  systems, 
particularly  wliere  the  canal  follows  a 
side  hill,  much  difficulty  is  encountered 
from  breal<s  on  the  lower  bank  when  the 
canal  is  crowded  to  its  full  capacity  or 
when  an  opening  may  be  made  by  a 
gopher  or  other  burrowing  animal.  A 
concrete  lining  should  prevent  such 
breaks  except  in  cases  where  the  water 
overtops  the  banks  due  to  stoppage  or 
other  causes.  Faulty  location  of  the 
canal  and  weak  places  developing  later 
can  very  often  be  largely  corrected  by  a 
good  concrete  lining.  Where  the  original 
grade  is  such  that  scour  occurs,  or  where 
excessive  curvature  causes  cutting  of  the 
sides,  a  similar  remedy  may  be  used. 
Maintenance  cliarges  also  will  be  mater- 
ially reduced  by  the  lessening  of  weed 
growth  and  the  prevention  of  the  shifting 
of  the  channel  tbrougli  scouring.  In 
some  systems  the  fall  of  the  country  is 
too  great  to  be  taken  up  by  tlie  grade  of 
the  canal  and  many  drops  are  required 
which  mav  form  a  considerable  propor- 
tion of  the  cost  and  necessitate  high 
maintenance  expenses.  The  use  of  a 
concrete  lining  frequetly  permits  a  suffi- 
ciently high  grade  to  be  used  so  that  no 
drops  are  needed,  the  saving  in  these 
structures  paying  part  of  the  cost  of  the 

'lining. 

(4)  Insurance  Apatn.it  Damnrie  In 
Crops. — As  the  losses  from  the  lack  of 
water  at  critical  times  during  the  irriga- 
tion season  are  often  much  greater  than 
the  actual  cost  of  repairs,  a  portion  of 
the  cost  of  any  canal  lining  may  be  con- 
sidered as  an  insurance  against  such  acci- 
dents. An  instance  of  this  occurred  on 
the  Turlock  canal,  of  Cal.,  in  1910,  when 
a  break  thought  to  have  been  due  to  a 
gopher  hole  caused  1,000'  of  the  main 
canal  on  a  steep  side  hill  to  be  washed 
out.  The  canal  was  out  of  service  for 
fi  wks.  at  the  time  when  water  was  most 
needed  for  the  crops.  The  actual  cost 
of  repairs  was  $20,000,  but  the  estimated 
damage  to  crops  was  $1,000,000. 

GR.^DES   FOR  LINED   CAN.^LS 

In  deciding  upon  suitable  grades, 
cross-sections  and  alignment  for 
lined  canals,  one  has  to  take  into  ac- 
count the  two  types  of  canals  which 
are  lined.  One  of  these  is  represent- 
ed by  the  canal  in  operation  designed 
for  earth,  the  other  by  the  new  canal 
designed  for  concrete  lining. 

The  grade  which  is  suitable  for  a 
canal  in  earth  is  not  the  most  eco- 
nomical grade  for  the  same  canal 
when  lined  with  concrete.  It  is  not, 
'-owever,  feasible  to  make  any  mate- 
rial change  in  the  grade  of  an  old 
canal  preparatory  to  lining  it.  The 
irregularities  can  and  should  be  re- 
moved so  as  to  secure  a  uniform 
gradient,  but  more  than  this  can  not 
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l)c   done   without   changing  the  loca- 
tion. 

The  discussion  of  suitable  grades 
must  therefore  be  confined  in  this 
report  to  new  canals  intended  to  be 
lined  before  carrying  any  large  per- 
centage of  their  maximum  capacity. 
Disregarding  all  other  features  and 
considering  only  the  most  economical 
method  of  conveying  water,  tiie  steep 
grade  with  its  correspondingly  high 
mean  velocity  is  best.  The  fact  is 
now  fairly  well  established  that  wat- 
er can  pass  over  a  concrete  surface 
at  a  high  velocity  without  injurious 
effects.  It  is  only  when  fast-flowing 
water  strikes  against  concrete  or  is 
obstructed  by  it  that  damage  is  likely 
to  result.  A.  P.  Davis,  chf.  engr, 
of  the  Reclamation  Service,  cites  a 
case  in  which  a  concrete  chute  on 
the  south  canal  of  the  Uncompah- 
gre  project,  discharging  300  cu.  ft. 
per  sec.  at  a  velocity  of  over  20  ft. 
])er  sec.  for  1  yr.,  not  only  showed 
no  perceptible  wear,  but  it  had  ac- 
(luired  a  growth  of  slimy  moss  over 
the  concrete  surface  subject  to  this 
velocity. 

In  the  summer  of  \Q\^  .Justin  T. 
Kingdon,  of  this  office,  made  an  ex- 
amination of  a  concrete  chute  on  the 
main  canal  of  tiie  Orland  project, 
Orland,  Cal.  The  canal  maintains  a 
f.uirly  constant  flow  tliroughout  the 
reason.  It  was  measured  shortly  af- 
ter the  observation  and  found  to  be 
discharging  81  sec.-ft.  of  water 
wliieh  at  the  bottom  of  the  chute 
had  a  velocity  of  17'  per  sec,  and 
like  the  south  canal  of  the  Uncompah- 
gre  project,  this  concrete  showed  no 
wear  on  its  wetted  area,  and  the 
growth  of  slimy  moss  which  it  had 
acquired  was  especially  noticeable 
over  that  portion  of  the  surface  sub- 
ject to  the  highest  velocity. 

It  would  therefore  appear  that  the 
permissible  velocity  in  lined  canals 
depends  largely  on  considerations 
other  than  damage  to  the  lining.  The 
mention  of  three  of  these  causes  may 
serve  to  make  this  statement  clear. 
Assuming  that  a  concrete-lined  canal 
will  successfully  withstand  velocities 
up  to  20'  per  sec,  the  fall  necessary 
to  produce  such  velocities  must  be 
considered  since  the  sacrifice  of  so 
much  head  might  entail  greater  cost 
than  the  building  of  a  larger  canal 
on  a  lighter  grade.  Again,  the  ex- 
tra cost  and  inconvenience  in  making 
suitable  turnouts  to  divert  water 
from  such  a  canal  would  serve  to  les- 
sen the  advantages  gained  by  having 
a  high  velocity.  Lastly,  pulsations 
are  a  common  feature  in  all  channels 
in  which  the  water  flows  at  a  high 
velocity.  The  water  surface  consists 
of  irregular  waves  which  travel  at 
various  distances  apart  and  an  extra 
height  of  lining  is  required  to  pre- 


vent the  waves  from  overtopping  it. 
It  is  believed  that  a  mean  velocity 
of  between  8'  and  10'  per  sec.  is 
about  as  high  as  should  be  adopted  in 
lined  canals  under  ordinary  condi- 
tions. 

.■VLIGNMENT    OF    LINED    CANALS 

In  locating  a  new  canal  for  con- 
crete lining,  sharp  curves  should  be 
avoided  if  possible.  The  reduction 
of  curvature  in  a  location  over  a 
rough  country  witii  steep  slopes  may 
increase  considerably  the  amount  and 
tile  cost  of  excavation,  but  this  addi- 
tional expense  may  be  more  than 
compensated  by  the  advantages 
gained  in  having  flat  curves. 

In  flowing  around  curves  the  sur- 
face of  the  water  tends  to  rise  on  the 
outer  side,  due  to  centrifugal  force. 
The  height  to  which  it  will  rise  in 
any  given  case  will  depend  on  the 
velocity  of  the  water  and  the  sharp- 
ness of  the  curve.  In  order  to  main- 
tain a  uniform  height  of  lining  above 
the  water  surface  of  the  canal,  the 
practice  has  been  to  raise  the  outer 
lining.  In  the  case  of  tiie  Tieton 
main  canal  of  the  U.  S.  Reclamation 
Service.  Yakima  project,  Wn.,  on  the 
sharpest  curves,  having  a  radius  of 
.T7.6'  and  a  velocity  of  9'  per  sec, 
the  superelevation  amounted  to  about 
I  %  of  the  width.  The  presence  of 
a  large  number  of  sharp  curves  like- 
wise increases  the  cost  of  both  the 
earth  trimming  and  the  laj'ing  of 
the  concrete. 

THE   EFFECT  OF   ALKALI   ON   CONCRETE 
LINING 

In  the  West  are  to  be  found  here 
and  there  instances  of  concrete  con- 
struction having  been  disintegrated 
through  the  action  of  alkali  salts. 
While  some  uncertainties  remain  re- 
garding the  exact  nature  of  such  ac- 
tion, there  seems  to  be  no  question 
that  the  principal  reason  for  it  arises 
from  the  reaction  between  the  vari- 
ous alkali  salts  and  the  calcium  hy- 
droxide of  the  cement.  The  new 
compounds  formed  have  a  greater 
volume  than  the  replaced  hydroxide 
and  their  formation  weakens  or  de- 
stroys the  concrete  by  forcing  apart 
the  particles  of  cement.  In  ordei; 
that  this  action  m.ay  occur  it  is  nec- 
essary for  the  water  containing  al- 
kali to  percolate  into  or  through  the 
concrete.  Under  field  conditions 
"these  reactions  referred  to  are  much 
retarded  if  not  entirely  suspended  in 
most  eases,  due  probably  to  the  car- 
bonization of  the  lime  of  the  ce- 
ment near  the  surface  or  the  forma- 
tion of  an  impervious  skin  or  protec- 
tive coating  by  saline  deposits."  It 
is  also  doubtless  true  that  "wetting 
and  drying  or  freezing  and  thawing 
will  hasten  the  destruction  of  the  ce- 
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ment  by  extending  the  cracks  already 
started." 

!n  experiments  with  oil -mixed 
Portland  cement  concrete/  the  con- 
'■rete  was  damp-proofed  by  tiie  in- 
corporation of  semi-asphaltic  oil.  In 
hand  mixing,  the  sand,  cement  and 
water  were  first  mixed  to  a  mushy 
consistency,  the  oil  added  and  mixed 
until  no  trace  of  it  was  visible  on 
the  mortar  surface,  and  then  the 
broken  stone  or  gravel  was  mixed  in. 
In  machine  mixing  the  sand,  cement 
and  water  were  first  mixed  to  a  mor- 
tar followed  by  alternate  batches  of 
stone  and  oil  which  were  added  and 
mixed.  The  proportion  of  oil  used 
was  based  on  a  comparison  of  its 
weight  to  the  weight  of  the  cement 
used  in  the  concrete.  The  results  of 
tests  show  that  oil-mixed  mortar,  con- 
taining 5%  to  10%  of  oil,  is  damp- 
proof  as  well  as  waterproof,  and  in- 
dicate that  its  use  may  prove  desir- 
able in  the  construction  of  irrigation 
canal  linings  exposed  to  the  action 
of  alkali  (Fig.  1). 

Good  practice  in  concrete  lining 
construction  where  alkali  must  be 
reckoned  with  necessitates  the  fol- 
lowing precautions: 

(1)  Do  not  use  sand,  gravel,  or  water 
containing  alkali. 

(2)  By  the  use  of  proper  drainage 
keep  soil  waters  charged  with  alkali  from 
coming  into  contact  with  the  concrete. 

(3)  Give  careful  attention  to  the 
proper  proportioning  of  materials  and 
use  more  cement  than  is  needed  to  fill  the 
voids. 

(4)  Protect  the  surface  by  a  thin 
plaster  coat  of  a  dense  mortar  of  granu- 
lar sand. 

(5)  Both  the  concrete  and  the  mortar 
used  for  the  lining  may  be  dampproofed 
bv  the  addition  of  5%  to'  10%  of  semi- 
asphaltic  oil  when  mixing  the  materials. 

EXPANSION  AND  CONTRACTION  OF 
CONCRETE 

Field  Tests  at  Logan,  Utah. — In 
the  summer  of  1913  field  experi- 
ments were  conducted  by  Prof.  B.  P. 
Fleming,  of  the  State  Univ.  of  la., 
working  under  the  direction  of  this 
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office,  at  Logan,  Utah,  for  the  pur- 
pose of  determining  the  coefficient 
of  expansion  of  concrete  slabs.  An 
effort  was  made  to  secure  conditions 
as  nearly  as  possible  like  those  found 
for  canal  linings.  It  will  be  noted, 
however,  that  the  slabs  were  not  test- 
ed to  find  the  effect  produced  by  be- 
ing wet  on  one  side.  The  variations 
in  length  were  measured  with  two 
micrometer  microscopes  focused  upon 
lines  in  the  highly  polished  tops  of 
two  steel  pins  projecting  above  the 
surface  of  the  slab,  one  at  each  end. 
This  device  permitted  making  direct 
readings  from  the  micrometer  scale, 
giving  measurements  to  0.0008  mm. 
The  thermometers  used  were  gradu- 
ated to  0.10°  C.  and  could  be  esti- 
mated easily  to  0.025°  C.  All  meas- 
urements of  the  slab  length  were  di- 
rect, and  no  part  of  the  aparatus 
w;is  in  contact  with  the  slab.  The 
idea  of  maintaining  the  latter  condi- 
tion was  to  prevent  in  every  possible 
way  influences  which  might  affect 
the  expansion  of  the  slab.  Except 
for  a  roller  placed  under  one  end, 
each  slab  was  lying  on  ground  com- 
posed mostly  of  loose  gravel.  The 
slabs  were  12"  wide,  6"  deep,  and 
11'  long.  The  steel  pins  inserted 
vertically  in  the  top  were  spaced  10' 
apart,  thus  leaving  6"  length  of  slab 
beyond  the  pin  at  each  end.  A  wet 
hand-mixed  concrete  mixture  was 
used  for  each  slab,  numbered  1  and 
2,  and  volumetrically  proportioned 
1  -.3 :5  and  1 :2 :4,  respectively.  Each 
slab  was  of  rectangular  cross-sec- 
tion throughout.  The  general  av- 
erage coefficient  of  expansion  meas- 
ured was  0.0000043  for  slab  1  and 
0.0000042  for  slab  2. 

Laboratory  Tests  at  the  State 
University  of  la. — In  the  fall  and 
winter  of  1913-14  the  experimental 
work  initiated  at  Logan,  Utah,  was 
continued  in  the  laboratory  of  the 
State  Univ.  of  la.  under  the  same 
supervision  as  before.  The  sand  and 
gravel  used  were  taken  from  the 
bed  of  the  Iowa  river.  This  raw  ma- 
terial was  screened  through  a  1-in. 
mesh    screen    and    again    through    a 
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1 4"'n.  mesh  screen.  The  material 
failing  to  pass  the  latter  screen  was 
considered  gravel.  The  sand  was  un- 
screened, but  it  was  fine  and  clean. 
Three  horizontal  slabs  were  cast 
with  the  same  dimensions  as  those 
made  at  Logan.  The  apparatus  and 
equii^ment  were  practically  the  same, 
except  that  the  laboratory  permitted 
a  somewhat  careful  control  of  influ- 
encing conditions  not  possible  in  the 
open-air  work.  In  addition,  a  spe- 
cially devised  apparatus  permitted 
the  making  of  observations  for 
change  of  length  within  30  min.  after 
water  had  been  added  to  the  dry 
materials  used  in  making  the  con- 
crete. Brass  pins  with  their  upper 
ends  highly  polished  were  used  in- 
stead of  steel  pins.  The  methods 
employed  for  temperature  determin- 
ation and  control  were  quite  satis- 
factory and  it  is  believed  gave  re- 
sults fully  as  accurate  as  the  inves- 
tigations warranted.  Two  slabs  of 
seasoned  concrete  were  used  for  de- 
termining the  coefficient  of  expan- 
sion. A  third  slab  was  used  to  deter- 
mine the  influence  on  change  of 
length  due  to  setting.  Each  slab  was 
made  of  hand-mixed  concrete,  using 
the  materials  composing  the  concrete 
in  the  following  proportions : 

Number  of  slab. 
1       2       3 

Bv  volume : 

Cement     1       1       1 

Sand 3       2       3 

Gravel    5      4      5 

Bv  weight: 

Water     100    72    75 

Cement     118     99     79 

Sand      319   203   244 

Gravel     552  441  431 

The  general  average  coefficient  of 
expansion  measured  was  0.00000627 
for  slab  1  and  0.00000632  for  slab 
2.  Slab  3  was  kept  at  a  temperature 
of  about  80°  F.,  though  at  times  it 
fell  to  70°  F.  and  even  65°  F.  during 
Saturdays  and  Sundays.  Daily  ob- 
servations were  made  early  in  the 
work,  but  later  on  observations  were 
made  once  a  week  only.  It  is  inter- 
esting to  note  (Fig.  1)  the  immedi- 
ate and  rapid  expansion  following 
pouring,  lasting  about  1  wk.  This 
caused  a  change  of  length  of  about 
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0.00012'    per    ft.      This    action   was 
doubtless  due  to  the  physical  rear- 
rangement of   tlie   particles   of   con- 
crete in  the  process  of  crystallization. 
So    far   as   its   effect  upon   concrete 
lining    for    canals    is    concerned,    if 
joints    were    not   provided,    it   would 
cause  severe  compression  of  the  slab 
as   a  whole   for  about   1    wk.   or   10 
das.,  which  might  cause  a  sligiit  buck- 
ling and  crusiiing.     Where  joints  are 
used    and    filled    with    asphaltum    or 
similar  material  the  tendency  would 
be  to  force  some  of  it  out  of  place, 
and  for  this  reason  the  filling  mate- 
rial should  not  be  placed  until  about 
2  wks.  after  the  lining  has  been  laid. 
It   will   be   noted,   however,   that  the 
expansion    is    only    0.012'    in    100', 
which   accounts   for   its   effect  being 
of  no  marked  importance  in  practice. 
It  will  also  be  noted  (Fig.  1)  that 
following    the    expansion    ])eriod    in 
slab  3  tliere  is  a  period  of  contrac- 
tion   lasting    about    7r>    das.,    during 
which  there  is  a  total  contraction  at 
the  rate  of  about  0.042'  in  100',  thus 
leaving  the  slab  0.03'  shorter  for  a 
100-ft.   length   than    when   laid.      If 
this    factor    were    considered    for    a 
concrete    lining,    assuming    that    its 
contact    with    the    material    through 
which  the  canal  is  constructed  would 
not   retard   the   expansion,   having   a 
co-efficient  of  expansion  of  0.0000045, 
it   would   allow   a   total   rise   of  tem- 
perature of  about  67°  F.  before  two 
adjoining  slabs  would  be  in  contact 
■  after  the   contraction  due  to  setting 
had  been  completed.      It   is  evident, 
therefore,  that  if  a  slab  were  laid  in 
the  winter  at  a  temperature  of  40° 
P.,  the  joints  opened  by  contraction 
would   not   be   closed   until   the    slab 
had  reached  a  temperature  of   106° 
F.   in  the  summer.     Concrete  lining 
is   usually   placed   in   canals    in   the 
winter  or  at  least  when  the  weather 
temperatures    are    cold    enough    for 
the   above   conditions   to   obtain.      If 
the  water  carried  in   the  canal  is  at 
a  temperature  of  between  40°  F.  and 
60°    F.,  it  is  evident  that  the  effect 
of  contraction  in  concrete  lining  laid 
at    corresponding    temperatures    will 
be   most   noticeable   at   a   time   when 
water-tightness  is  most  desired.     For 
this  reason  it  is  essential  that  some 
provision  be  made  to   secure  water- 
tight  joints.      It  may   also  be   quite 
necessary  to  use  some  elastic  mate- 
rial like  tar  paper  to  allow  for  ex- 
pansion in  excess  of  that  which  can 
be    taken    up    by   the    space    formed 
due  to  contraction  in  setting,  for  in 
some  sections  of  the  West  tempera- 
tures are  likely  to  be  met  which  will 
cause  this  extra  expansion,  and  un- 
less a  compressible  material   is   pro- 
vided  buckling   or   crushing   is   very 
likely  to  occur. 

In  summing  up  the  results  of  the 
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experiments  at  Logan,  Utah,  and 
those  at  the  State  Univ.  of  la.,  it  may 
be  stated  that  for  concrete  slab  con- 
struction, such  as  canal  lining,  in 
which  only  one  side  is  exposed  and 
with  the  other  side  in  contact  with 
earth,  a  coefficient  of  expansion  of 
0.0000045  should  be  used,  but  in  the 
case  of  concrete  construction  in 
which  all  sides  are  subject  to  equal 
temperatures  and  arc  not  under  the 
conditions  of  moisture  and  earth  con- 
tact found  in  canal  lining  and  simi- 
lar construction,  a  coefficient  of 
0.0000063  can  be  used  with  safety. 

JOINTS     IN     CONCRETE     LINING 

Owing  to  the  fact  that  concrete 
lining  expands  in  warm  weather  and 
contracts  in  cold  weather,  joints 
would  seem  to  be  an  essential  feat- 
ure of  such  construction.  Where  no 
provision  by  means  of  joints  is  made 
for  expansion  and  contraction,  the 
concrete  lining  is  certain  to  be  sub- 
jected to  high  internal  stresses, 
which  increase  in  intensity  until  the 
lining  is  ruptured.  These  ruptures 
occur  at  the  weakest  points,  and  fol- 
lowing the  directions  of  least  resis- 
tance result  in  irregular  fractures 
which  are  difficult  to  repair.  They 
frequently  are  so  small  and  so  irreg- 
ular that  it  is  practically  impossible 
to  introduce  any  filler  into  the  seams. 
F.ven  when  this  is  done  the  alternate 
opening  and  closing  of  the  fracture, 
due  to  changes  in  temperature,  low- 
ers and  in  time  destroys  the  effec- 
tiveness of  such  repairs. 

On  the  other  hand,  joints  in  con- 
crete lining  constitute  a  weak  feature. 
In  strength,  durability  and  water- 
tightness  the  best  formed  joint  is  in- 
ferior to  the  continuous  lining.  For 
these  reasons,  to  which  may  be  add- 
ed that  of  extra  cost,  the  distance 
between  joints  should  be  as  great  as 
possible  consistent  with  changes  in 
volume  due  to  temperature  and  the 
adoption  of  suitable  forms  and  prop- 
er methods   of  construction. 

When  forms  are  used  their  length 
is  usually  limited  to  the  size  and 
weight  which  can  be  readily  shifted 
by  hand  without  the  aid  of  special 
equipment.  Even  when  the  forms 
are  of  the  simplest  kind  the  methods 
of  construction  commonly  employed 
place  other  limitations  on  the  dis- 
tance between  joints.  Again,  in  lin- 
ing curves,  the  frequency  of  the 
joints  depends  upon  the  degree  of 
curvature,  the  sharper  the  curve  the 
shorter  the  distance  between  joints. 
Notwithstanding  these  limitations, 
the  tendency  in  the  past  has  been  to 
insert  too  many  joints,  particularly 
on  straight  portions  of  canals. 

The  subject  of  joints  in  concrete 
lining  is  also  closely  related  to  the 
manner  in  which  the  lining   is  laid, 


whether  continuously  or  in  alternate 
sections.  Joints  which  are  adapted 
to  one  of  these  methods  may  be  a 
misfit  when  applied  to  the  other.  In 
using  either  method  it  is  advisable  to 
break  joints  between  the  floor  and 
the  sides,  as  indicated  in  Fig.  2,  a. 

Kinds  of  Joints — Various  kinds  of 
joints  are  used  to  prevent  cracks  in 
concrete  linings: 

(1)  One  of  the  most  common  is  the 
plain  abutting  joint.  This  joint  is  sim- 
ple, cheap,  and  easily  made.  Expansion, 
likewise,  is  provided  for  in  tlie  frequency 
of  the  joints.  It  has,  however,  several 
weak  features  which  render  its  use  open 
to  question.  One  of  these  is  the  lack  of 
bond  lietwccn  the  si-ctions.  Were  it  not 
for  the  connection  with  the  hottom  at 
the  toe  each  side  section  might  be  regard- 
ed as  a  separate  slab,  liable  to  be  thrust 
upward  by  pressure  from  behind  or  to 
fall  backward  when  the  earthen  support 
is  removed.  Both  of  these  effects  are 
quite  probable.  Another  defect  is  the 
difficulty  experienced  in  filling  the  seam 
with  any  material  which  will  render  the 
ioint  water-tight,  it  being  too  narrow  to 
calk. 

(2)  The  abutting  joint  is  frequently 
modified  bv  introducing  one  or  more  plies 
of  tar  paper  (I'Mp;.  2,  b).  While  the  paper 
provides  for  extra  expansion  and  renders 
tlie  joint  more  nearly  impervious,  it  adds 
nothing  to  the  bond  between  the  sections. 

(3)  An  interlocking  device  (Fig.  2,  c), 
consisting  of  a  4-in.  strip  of  corrugated 
iron,  was  inserted  in  each  joint  of  the 
lining  of  the  North  Side  Twin  Falls 
Canals,  Idaho.  If  the  metal  strip  is 
thickly  coated  witli  asphalt  before  being 
inserted  it  may  prevent  leaks.  The  de- 
vice likewise  secures  a  fairly  good  bond. 

(4)  A  pliable  metal  sheet  protected 
from  rust,  of  the  form  shown  in  Fig.  2, 
d,  has  also  been  used  for  such  purposes. 
When  section  A  is  being  laid,  the  metal 
assumes  the  form  of  a  right  angle,  the 
vertical  part  being  placed  against  the 
form.  Before  section  B  is  laid  the  up- 
per portion  of  the  vertical  is  bent  down 
to  a  horizontal  position,  as  shown. 

(5)  In  the  Ridenbaugh  cfinal  of  the 
Xampa  and  Meridian  irrigation  district, 
Idaho,  tar  paper  was  inserted  between 
the  abutting  joints,  which  are  spaced  16' 
3"  apart,  and  a  good  bond  between  the 
sections  was  secured  by  short  y,-in.  steel 
rods   (Fig.  2,  e). 

(6)  To  overcome  the  objection  of  pro- 
iecting  rods  in  paying  by  the  method  just 
described,  the  plan  of  bonding  shown  in 
Fig.  2,  f,  has  been  devised.  .-V  socket  is 
formed  in  section  A  by  means  of  a  short 
1/,-in.  pipe,  and  into  this  is  inserted  one 
end  of  a  steel  rod  5/16"  in  diam.  and 
double  the  lenath  of  a  pipe.  This  contri- 
vance adapts  the  joint  to  the  alternate 
method  of  laving,  as  illustrated  in  Fig. 
2,  a. 

(7)  The  form  of  joint  used  by  the 
writer  on  the  Snake  Ravine  retaining 
walls  of  the  Turlock  irrigation  district 
of  Cal.  is  shown  in  Fig.  2,  g.  In  laying 
the  lining  in  alternate  sections  the  joint 
with  its  concave  surface  may  be  coated 
with  hot  asphalt  or  lined  with  tar  paper 
before  the  adjacent  section  is  laid. 

(8)  In  lining  the  Davis  and  Weber 
Counties  canal  in  Utah,  a  thin  strip  of 
wood  coated  with  asphalt  was  placed  in 
each  joint  and  extended  through  about 
2/3  the  thickness  of  the  lining.  The 
specifications  called  for  the  withdrawal 
of  these  strips  and  the  filling  in  of  the 

[177] 


CONCRETE 


/tsphalf  y^S/^-i ^Mortar 


Notes  on  Procedure  in  Testing 
Concrete  Piles 


Fig.  3 — Joint  foe  Concrete  Lining  of 
Canai,  of  Patterson  Land  &  Water 
Co.,  Cal. 

spaces  with  hot  asphalt,  but  this  was  not 
done.  As  a  result,  many  of  the  wooden 
strips  became  loose  and  project  more  or 
less  above  the  surface  of  the  lining,  thus 
retarding  the  flow  of  water.  In  other 
respects  the  joint  has  proved  satisfac- 
tory.    (See  Fig.  %  h). 

(9)  A  somewhat  similar  joint  (Fig. 
3)  was  used  by  the  engineers  of  the  Pat- 
terson Land  &  Water  Co.  and  the  East 
Contra  Costa  Irrigation  Co.  On  both 
canals,  to  which  references  are  made  else- 
where, the  wooden  strips  are  removed  and 
the  spaces  filled  with  hot  asphalt  to  with- 
in %"  of  the  surface,  the  remaining 
space  being  filled  with  cement  mortar. 
When  inspected  by  the  writer  while  the 
canal  was  under  construction  he  ques- 
tioned the  advisability  of  so  wide  a  joint, 
and  was  advised  that  a  smaller  joint 
could  not  well  be  filled  with  asphalt. 

(10)  Where  conditions  are  adapted  to 
its  use,  the  type  of  joint  shown  in  Fig.  2, 
i,  possesses  some  advantages  over  those 
previously  discussed.  This  is  merely  the 
carpenter's  shiplap  or  half-timber  joint 
applied  to  concrete.  It  provides  for  all 
the  expansion  necessary  without  weaken- 
ing the  lining  by  too  wide  a  joint  space. 
It  also  permits  a  certain  amount  of 
"creeping"  in  the  section  without  dis- 
placement and  furnishes  an  excellent  op- 
portunity to  secure  a  water-tight  joint 
by  the  use  of  an  elastic  material  like 
asphalt. 

(11)  In  adapting  the  shiplap  joint  to 
thin  concrete  linings  a  greater  thickness 
of  lining  is  used  at  each  joint.  The  sec- 
tions shown  in  j,  A-,  \.  and  m,  Fig.  2, 
represent  this  modification  showing  two 
joints  and  methods  of  construction,  as 
designed  by  A.  F.  Parker  for  the  lining 
of  the  Davis  and  Uinta  Counties  canal  in 
Utah. 


According  to  the  San  Diego,  Cal., 
Union,  a  "cement  mist.-ike  finder" 
has  been  visiting  that  city  "to  help 
the  tax  payers."  When  this  double- 
leaded  heading  is  analyzed  and  the 
article  that  follows  below  it  read,  it 
appears  that  one  of  the  engineers 
of  the  Portland  Cement  Assn.  has 
been  visiting  San  Diego,  not  to  sell 
cement,  but  to  look  the  field  of  con- 
crete construction  over,  especially  so 
far  as  road-making  is  concerned,  to 
point  out  the  best  methods  of  con- 
struction and  possible  improvements 
and  in  a  general  way  to  bring  be- 
fore the  engineering  and  the  con- 
tracting public  the  best  that  there  is 
in  concrete  work. 


By  Hunley  Abbott' 


In  driving  concrete  piles  it  is  pos- 
sible, in  most  cases,  to  predetermine 
the  carrying  capacity  of  the  pile 
from  its  resistance  to  driving  under 
tiie  last  blows  of  the  hammer,  using 
a  modified  Engineering  News  formu- 
la or  some  other  empirical  rule. 
When  unusual  soil  conditions  are 
encountered  it  is  sometimes  prudent 
to  test  one  or  more  piles  with  a  test 
load  in  order  to  make  sure  that  the 
unusual  soil  conditions  have  not  af- 
fected the  general  application  of  tlie 
rule. 

CONSTRUCTION     OF     L0.\DING     PLAT- 
FORM 

The  top  of  the  pile  is  first  thor- 
oughly cleaned  and  then  a  concrete 
cap  about  2'  thick  and  2'  3"  x  2'  3" 
is  molded  about  it,  the  top  of  the 
pile  projecting  from  4"  to  6"  into 
the  cap,  as  shown  in  Figs.  1  and  2. 
While  the  concrete  cap  is  wet  a  steel 
bolt  is  embedded  in  the  center  of  its 
top,  which  is  used  as  a  resting  point 
for  the  level  rod  when  levels  are  tak- 
en to  determine  any  possible  settle- 
ment of  the  pile.  Two  12-in.  x  12- 
in.  timbers  are  placed  on  the  top  of 
the  cap  parallel  to  each  other  and 
about  3"  apart,  and  on  top  of  these 
and  at  right  angles  four  other  12-in. 
X  12-in.  timbers  are  placed  in  such 
a  manner  that  the  weight  of  the 
platform  will  be  equally  distributed 
over  the  four.  On  these  12  x  12's 
a  platform  of  S-in.  plank  is  laid, 
leaving  a  hole  in  the  center  of  the 
platform  to  enable  the  level  rod  to 
reach  the  bolt  in  the  cap.  A  tin  tube 
is  placed  vertically  over  this  hole, 
of  such  a  length  as  to  leave  the  top 
of  the  tube  above  the  top  of  the  ex- 
pected load.  In  other  words,  a  plat- 
form is  built  balanced  on  top  of 
the  concrete  cap,  like  an  inverted 
grillage.  During  the  loading  of  this 
platform  blocking  may  be  placed  un- 
der the  12-in.  x  12-in.  timbers  to 
avoid  tipping  caused  by  any  unequal 
loading,  but  when  the  load  is  all  on. 
these  blocks  should  be  removed,  leav- 
ing the  loaded  platform  balanced  on 
top  of  the  cap  and  all  of  the  load 
being  carried  by  the  pile. 

Should  heavy  material,  such  as  pig 
iron  or  cement  in  sacks,  be  available, 
the  platform  as  described  above  can 
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now  be  loaded.  Should,  however, 
material  such  as  sand  or  broken 
stone  be  the  only  available  material 
with  which  to  load  the  pile,  a  box 
should  be  built  with  4-in.  x  ^-in  posts 
at  each  corner  and  midway  between 
the  corners  the  sides  should  be  fur- 
ther strengthened  by  2-in.  x  4-in. 
timbers  placed  vertically.  To  these 
verticals  2-in.  planking  is  nailed  to 
the  desired  height,  thus  forming  a 
square  box  with  the  platform  acting 
as  the  bottom  and  the  top  open.  Into 
this  box  the  sand  is  thrown  until  the 
desired  weight  is  obtained. 

LO.\DING   THE    TEST    PILE 

Before  placing  any  weight  on  this 
platform,  however,  a  reading  should 
be  taken  with  the  level  rod  resting 
on  the  top  of  the  bolt  embedded  in 
the  concrete  cap.  Further  readings 
may  be  taken  by  lowering  the  rod 
down  the  tin  tube  in  the  center  of 
the  platform  during  the  loading  to 
ascertain  what  settlement,  if  any,  oc- 
curs at  the  various  stages  of  the  load- 
ing, a  final  reading  being  taken  when 
the  load  is  all  on.  The  total  load 
should  be  allowed  to  remain  on  for 
several  hours  and  readings  taken  to 
ascertain  whether  or  not  any  further 
settlement  occurs.  The  experience 
of  the  writer  covering  more  than  100 
tests  in  all  sorts  of  soils,  indicates, 
however,  that,  if  the  pile  shows  any 
tendency  to  settle  at  all  after  re- 
ceiving the  final  load  this  ten- 
dency is  relatively  small  and  the  pile 
will  come  to  a  complete  stop  in  a 
very  few  hours  after  receiving  the 
final  load.  It  is  believed  that  24  hrs. 
will  be  ample  in  all  cases  to  settle 
this  point. 

Loading  the  test  pile  under  the 
conditions  outlined  above  will  ap- 
proximate as  nearly  as  possible  the 
conditions  under  which  the  pile  will 
receive  its  intended  load  of  the  struc- 
ture. Care  should  be  taken  to  keep 
the  load  well  balanced  on  the  pile, 
as  an  eccentrically  placed  load  may 
cause  the  platform  to  tip  and  fall 
or  set  up  bending  stresses  in  the  pile 
head  which  would  be  sufficient  to 
break  it. 

For  molded-in-place  piles  at  least 
3  wks.  should  be  allowed  for  the  set- 
ting of  the  concrete  before  load  is 
placed  on  the  pile,  even  under  the 
most  favorable  conditions,  and  better 
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results   may   bo  obtained   by   waiting 
4  wks.  for  the  pile  to  set. 

TEST   ON    PILES   AT   THE    LV*N    OAS   & 
ELECTRIC     CO.,     LYNN,    MASS. 

A  total  load  of  from  85,000.000 
lbs.  to  1)0.000.000  lbs.  is  carried  on 
the  foundations  for  the  .'■),000,000-cu. 
ft.  gas-holder  of  the  Lynn  Gas  & 
Electric  Co.,  Lynn,  Mass.,  consist- 
ing of  about  I,, 500  pedestal  concrete 
piles,'  which  were  capped  by  a  cir- 
cular reinforced  concrete  cap  about 
206'  ()"  in  diam. 

The  soil  on  which  the  piles  were 
driven  consists  of  a  surface  material 
of  old  fill  and  gas-house  refuse,  over- 
lying a  layer  of  marsh  mud  with  a 
sub-soil  of  old  sand  .and  gravel 
beach.  The  piles  were  driven  down 
to  rest  on  the  sand  and  gravel  beach. 
and  have  an  average  length  of  from 
13'  to  14'.  Several  of  these  pile- 
were  tested  with  a  test  load,  a  view 
of  one  of  these  tests  being  shown  in 
Fig.  3.  It  will  be  noted  tli.it  instead 
of  assuming  the  usual  bulbous  shape 
on  the  base  or  foot,  it  has  almost 
the  shape  of  a  cone.  This  was  due 
to  the  soft  nature  of  the  soil  in  which 
the  bulb  was  formed  and  the  hard 
nature  of  the  soil  on  which  it  rested. 
The  jiile  carried  a  load  of  7.^   tons. 


Tests  of  Mortars 

H.  Burehard,  the  well  known  Ger- 
,nian  cement  expert,  writing  in  the 
Mileiliingen  Kanigliche  Material 
Priifuvg,  gives  considerable  infor- 
mation in  reference  to  methods   for 
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Fio.  3 — View  Shoivijto  One  of  the  Con- 
crete Piles  for  the  Lynn  Gas  &  P^ixc- 
TRic  Co.,  Lynn,  Mass.,  Removed  for  the 
Purpose  of  J''.xa.iiining  the  Shape  of 
THE  Bui.B 

It  will  be  noted  that  instead  of  assum- 
ing the  usual  bulbous  shape  on  the  base, 
it  has  almost  the  shape  of  a  cone 

determining  the  sand  strength  of 
mortars.  The  paper  is  abstracted  in 
the  Journal  of  the  Society  of  Chem- 
ical Indtistri/  and  is  as  follows : 

The  usual  way  of  expressing  the  com- 
position of  mixtures  of  cement  and  sand, 
in   the    form    1:3,   1:3,   \-A,  etc.,  is   some- 
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what  niisleadinf;,  for  above  the  ratio  1 :3, 
the  actual  decrease  in  the  amount  of 
huiding  material  is  comparatively  insig- 
nificant. Experiments  were  made  with 
two  Portland  cements,  A.  and  B.,  and 
two  iron-Portland  ccnticnts,  C.  and  D., 
A.  and  C.  being  of  slightly  higher  qual- 
ity llian  B.  and  D.,  Judged  by  the  results 
of  normal  tests.  Tensile  and  crushing 
strengths  were  determined  of  mixtures 
of  cement  and  normal  sand  in  the  ratios 
1:3  up  to  1:7  (by  weight)  after  7  das.. 
3fi  das.,  and  180  das.  under  water,  and 
38  (las.  and  180  das.  exposure  to  air.  The 
strength  of  cements  decreases  with  in- 
creasing additions  of  .sand,  but  the  de- 
crease varies  with  the  character  of  the" 
cement,  method  of  exposure  and  strength 
and  age  of  the  test-pieces;  it  is  greater 
in  the  "fat"  than  in  the  "lean"  mixtures, 
but  is  not  .so  marked  as  would  be  ex- 
pected from  the  decrease  of  binding  ma- 
terial. The  decrease  in  .strength  with  in- 
creased sand-content  is  greater  with  the 
newer  than  with  the  older  test-pieces, 
-■•nd  the  decrease  of  tensile  strength  is 
less  than  that  of  the  crushing  strength. 
Hardening  in  air  instead  of  under  water 
does  not  affect  the  strength  and  there  is 
hardly  any  difference  in  the  strengths  of 
Portland  and  slag  cement.  The  mixtures 
for  the  above  test-pieces  were  made  by 
weight,  and  lience  the  specifically  lighter 
cements  would  be  favored,  for  a  larger 
volume  of  the  binding  material  would  be 
introduced  than  in  the  case  of  the  heavier 
cements.  The  sand  addition  also  affects 
the  progress  of  the  hardening  process. 
When  the  test-pieces  are  left  under  wat- 
er, the  tensile  and  the  crushing  strength 
in  all  cases  increase  with  age,  and  increase 
more  with  the  "lean"  than  the  "fat"  mix- 
tures. Cements  with  a  lower  normal 
strength,  when  mixed  with  sand,  develop 
in  time  a  relatively  greater  strength  than 
cements  with  a  higher  normal  strength. 
From  the  tensile  strength  it  appears  that 
the  hardening  process  in  test-pieces  ex- 
posed to  the  air  is  not  .so  complete  with 
increasing  sand  dilution  as  in  the  case  of 
test^pieces  hardened  under  water.  With 
air-hardened  test-pieces  the  crushing 
strength  up  to  28  das.  is  greater  than 
with   water-hardened   test-pieces. 
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Fig.  2 — Test  of  a  Coxcrfti:   1 
Fig.  1 — Sketch  Showing  Method  of  Testing  a  Concrete  Pile     trio  Co.,  Lynn,  Mass. 
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This  magazine  is  for  service.     Let  it  serve  you,  and  you  help  it  to  serve. 
You  want  special  information.     Ask  us.      We  know  the  men  who  know. 


Does  Mortar  Made  From  Fine  Sand 
Harden  Slowly  ?     Why  ? 


The  Question  Below  is 
Discussed  By: 

Nathan  C.  Johnson'^ 
Ralph  E.  Goodwin" 

Russell  S.  Greenman^ 

Do  mortars  made  from  ■fine  sand 
harden  more  slowly  than  when  made 
from  coarse  sand?     Why? 


By  !Mr.  Johnson 

Fine  sands  always  require  more 
water  because  of  the  greater  surface 
which  has  to  be  covered  in  such 
sands  as  compared  with  coarse  sands, 
regardless  of  the  interparticle  or 
void  space  between  the  grains,  as 
may  be  judged  from  the  well  known 
mathematical  law  relating  to  diam- 
eters and  surfaces  of  spheres. 

Increased  water  means  dilution  of 
the  hydrated  products ;  and  before 
this  can  effectually  harden  there 
must  be  a  drying  out  or  evaporation 
of  the  excess  water.  Hardening  is 
not  setting,  the  two  processes  being 
distinct  and  the  time  of  set  not  be- 
ing so  materially  altered  by  excess 
water  as  is  the  process  of  harden- 
ing. 

By  Mr.  Goodwin 

Fine  sand  makes  weaker  mortar 
than  coarse  sand  because  the  density 
of  the  fine-sand  mixture  is  less.  A 
given  weight  of  fine  sand  containing 
the  usual  amount  of  moisture  oc- 
cupies more  volume  and  consequently 
contains  a  larger  amount  of  voids 
than  an  equal  weight  of  coarse  sand. 
This   may  be  due  to   separation   of 
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the  fine  particles  by  the  surface  ten- 
sion of  the  moisture  while  the  larger 
particles  of  the  coarse  sand  are 
fewer  in  number  so  that  the  effect 
is  less. 

Tests  prove  that  a  given  weight 
of  fine  sand  makes  more  mortar  than 
the  same  weiglit  of  coarse  sand. 
Hence  the  compactness  of  the  mix- 
ture is  less  and  the  strength  is  less 
also. 

In  support  of  the  proposition  that 
fine  sand  mortar  hardens  more  slow- 
ly than  coarse  .sand  mortar,  we  have 
the  authority  of  text-books"^  verified 
by  tests  in  our  own  laboratory.  Al- 
though fine-sand  mortar  may  im- 
prove with  age,  we  do  not  approve 
of  using  it,  because  it  does  harden 
slowly  and  never  attains  the  strength 
of  coarse-sand  mortar.  Concrete 
made  from  it  is  weak  and  appears 
porous  when  the  fractured  surface 
is  examined.  On  the  other  hand 
sand  that  is  too  coarse  makes  a 
harsh  working  concrete  and  it  is  diffi- 
cult to  get  a  good  job  with  it.  A 
good  rule  is  to  use  a  graded  sand 
as  coarse  as  can  be  used  with  good 
results  in  the  field. 

As  to  whv  fine-sand  mortar  hard- 
ens slowly.  I  am  unable  to  say,  un- 
less it  is  due  to  the  mechanical  ef- 
fect of  the  small  size  of  the  indi- 
vidual voids,  of  the  small  size  of 
grains  and  of  the  relatively  large 
surface  of  the  grains  on  the  crystal- 
lization of  the  cement. 

By  Mr.  Greenman 

To  say  that  all  fine-sand  mortars 
harden  more  slowly  than  do  coarse- 
sand  mortars  is  a  reckless  statement. 
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for  tliere  are  other  conditions  exist- 
ing in  some  sands  which  would 
make  some  coarse-sand  mortar 
harden  more  slowly  than  would  a 
mortar  made  from  fine  sand.  Still, 
as  a  general  proposition  the  writer 
believes  that  the  statement  is  true 
that  fine  sands  harden  more  slowly 
than  do  coarse  sands. 

To  secure  data  to  back  this  opin- 
ion, five  samples  each  of  sands  which 
to  the  eye  are  graded  as  fine  or 
coarse  sands  were  selected  from  a 
large  number  of  samples,  —  the 
samples  being  selected  at  random 
and  being  sands  having  a  varying 
degree  of  fineness  both  in  the  coarse 
and  in  the  fine  grades.  The  samples 
were  selected  on  looks  only  and  dur- 
ing the  examination  it  was  later 
found  that  they  came  from  all  parts 
of  New  York  State  and  no  two 
samples  were  from  the  same  pit. 

The  average  strength  of  the 
samples  of  fine  sand  increased  in 
strength  50%  from  7  das.  to  28  das., 
and  the  average  strength  of  the 
coarse  samples  increased  41%  dur- 
ing the  same  period.  Each  indivi- 
dual strength  used  in  securing  the 
averages  was  the  average  of  five 
briquettes. 

Another  selection  of  five  samples 
each  was  made  under  exactly  the 
same  conditions  as  the  first  selection 
and  the  averages  of  these  showed 
an  increase  in  strength  from  the 
7-da.  period  to  the  28-da.  period  of 
65%  for  the  fine  and  62%  of  the 
coarse  sands. 

The  highest  increase  in  strength 
was  the  case  of  a  fine  sand  which 
showed  an  increase  of  95  %  and  the 
lowest  was  that  of  a  coarse  sand 
which  showed  an  increase  of  14% 
only.  An  interesting  point  noticed 
in  connection  with  the  two  series 
is  that  in  the  first  series  the  average 
strength  of  the  coarse  sand  was 
80%  above  the  fine  sand;  in  the 
second  series  the  difference  was 
24%. 
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This  simple  examination  lias  pro- 
duced figures  which  confirm  the  gen- 
eral statement  made,  that  the  rate 
of  hardening  must  be  judged  by  the 
increased  strength  produced;  but  in 
either  series  the  difl'erenees  are  not 
so  great  that  one  should  consider 
the  rule  as  being  always  true.  It 
also  indicates  that  sands  so  vary  that 
only  a  carefully  made  series  of  tests 
will  give  a  definite  knowledge  of  the 
characteristics  of  a  sand  and  an  in- 
dication of  wliat  to  expect  of  the 
sand  in  use. 

Now,  if  coarse  sands  harden  fas- 
ter   and    produce     a     greater     early 
strength,    the    question     asked     is-- 
"Why?"      Tlie    greater    strength    in 
the  coarse   sand   is   undoubtedly  due 
to  the  fact  that  a  caarse  sand  pro- 
duces less   surface   area   for   the   ce- 
ment to  cover.     Having  covered  the 
surface  area  of  the  sand  the  cement 
must  also  fill  the  voids  between  the 
sand  grains.     The  cement  therefore 
has   a  greater  task  to  perform  with 
a  fine  sand  than  with  a  coarse  sand. 
Similarly     a     fine-sand     mortar     re- 
quires    more     water     than     does     a 
coarse-sand    mortar    to    produce    the 
same  consistency  and  as  it  is  a  fact 
that  the  amount  of  water  affects  the 
strength  of  cement  and  that  the  ce- 
ment with  the  most  water  produces 
the  lower  early  results,  we  can  see 
that  this   is   a  reason   why   fine-sand 
mortars  harden  more  slowly  than  do 
coarse-sand  mortars. 


Cost   of  Cement   Sacks 
to  the  User' 

The  Question  Below  is 

Discussed  By: 

Sanford  E.  Thompson' 

Donald   B.  Adams' 

O.  L.  Crigler 
Rolf   R.   Newman' 
W.  W.   Washburn" 

"/  should  like  information  on  the 
cost  of  cement  sacks  to  the  user  of 
cement.  What  likelihood  is  there 
that  general  contractors  and  concrete 
products  manufacturers  will  decide  to 
use  Portland  cement  in  bulk  rather 
than  in  paper  or  cloth  packages? 
Figuring  the  losses  of  cloth  sacks 
and  the  flat  charge  of  paper  bags, 
plus  the  cost  of  breakage,  and  adding 


to  these  the  cost  of  handling  the 
packages  on  the  job,  what  would  be 
gained  in  the  use  of  bulk  cement?" 


By  Mr.  Thompson 
Shipment  in  bulk  cannot  be  con- 
sidered   at    all    for    ordinary    condi- 
tions.    Cement  can  be  used  in  bulk 
only    on    a    large    job    witii    a    fixed 
|)lant  located  close   to   a   siding   and 
especially  designed  for  the  purpose. 
Cement  is  difficult  to  measure  by  vol- 
ume because  of  the  great  variation 
between   packed   and   loose   measure- 
ment, and  one  of  the  advantages  of 
bags  or  barrels  is  the  means  of  pro- 
viding a   definite  quantity   for   each 
batch    without    special    weighing    or 
measuring  apparatus. 

It  is  impossible  to  compare  the 
cost  of  handling  in  bulk  vs.  hand- 
ling in  packages  without  a  de- 
tailed study  of  each  individual  job. 
The  time  of  a  man  handling  and 
dumping  bags  of  cement  is  fre- 
quently determined,  not  by  the  ac- 
tual time  occupied  in  the  process, 
but  by  the  time  of  the  man  supply- 
ing the  sand  and  stone  to  the  mixer. 
In  some  cases  handling  cement  in 
bulk  might  be  cheaper  but  in  many 
cases   more  expensive. 


■This  question  was  discussed  in  tlie  Nov., 
1914,  issue,  p.  212,  by  James  Bentley.  S.  H. 
■Wiglitman.  Benjamin  A.  Howes.  H  C.  Mc- 
Clure,  L.  C.  Wason  and  Carl  H.  Fuller 

^Consult.  Engr.,  Newton  Highlands,  Mass. 

>New  England  Cement  Stone  Co.,  Boston 

'Dallas,  Tex. 

•Riverside,  Gal. 

•Resident  Engr.,  Bridge  Dept.,  Houston, 
Tex. 
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By  Mr.  Adams 
I  have  always  considered  that  the 
use   of    cement    in    bulk    for    factory 
work  would   be   very   much   apiireci- 
ated    by    manufacturers    of    concrete 
products  who  have  a   fixed  point  of 
delivery    and    a    fixed   mixing    plan. 
For  a  long  time  we  bought  cement 
in  cotton  bags.      It  is  easy  to  han- 
dle in  this  shape  and  there  is  prac- 
tically   no    loss    from    breakage    en 
route"  or  from  handling  in  the  fac- 
tory.    It  does,  however,  require  time 
to  "open  the  bags,  time  to  empty  the 
bags  thoroughly,  time  to  collect,  bun- 
dle and  ship  the  bags.     Out  of  100 
bags  we   found   it  impossible   to   get 
credit  for  more  than  ap]>roximately 
90%    owing   to   loss    in    our    factory 
and  carelessness  of  the  men  in  using 
empty  cement  bags   for  all   sorts  of 
purposes    which    render    them    prae- 
ticallv  useless.     We  are  greatly  trou- 
bled "with  men  who  grab  up  an  emp- 
ty cement  bag  and  use  it  to  wipe  up 
some  wet  cement,  and  in  doing  this, 
make  a  wad  of  the  bag  which,  when 
allowed  to   harden,  renders   the  bag 
practically   useless    either   to    us    or 
to    the    manufacturer.      There    is    a 
great   tendency   to   use   empty    sacks 
to    lay    between    finished    pieces    of 
stone  "and  from  these  causes  we  find 
many  damaged  sacks,  in  spite  of  the 


'Detail  times  and  costs  of  handling  cement 
in  packages  are  given  in  Taylor  &  Thomp- 
son's Concrete  Costs,  pp.  317.  421  and  435 


greatest    attention    of    foreman    and 
superintendent.      We   have    recently 
been  using  paper  bags  and  find  them 
more  satisfactory  than  cotton.   There 
is   always   considerable   breakage  on 
the  road  in  handling,  but  at  the  fac- 
tory this  can  easily  be  saved.     The 
car   is   thoroughly   cleansed   out  and 
a  bag  broken  in  handling  in  the  fac- 
tory is  always  cleaned  up  and  used. 
We  figure  that  the  paper  bag  with 
its    extra    flat    charge    which    is    in- 
volved is  a  fraction  of  a  cent  cheap- 
er than  the  cotton  sack.    There  is  no 
reason  why  a  ear  load  of  bulk  ce- 
ment should  be  wasted  in  the  slight- 
est degree  when  once  it  arrives   on 
the  track  at  our  factory.     Certainly 
a  car  load  would  not  lose  a  sufficient 
quantity    of    cement    to    compensate 
for  the  price  which  is  paid  for  the 
paper  bags.     For  our  class  of  work 
bulk  cement  would  be  extremely  eco- 
nomical over  the  present  methods  of 
shipping. 

By  Mr.   Crigler 
Bulk   cement   is,   according   to   all 
data  which  I   have  collected  on  the 
subject,  very  economical  at  times. 

I  think  that  beyond  a  doubt,  in 
the  construction  of  bridges,  dams, 
and  the  heavy  concrete,  bulk  cement 
is  very  profitable;  and  also  bulk  ce- 
ment can  be  used  to  great  advantage 
where  it  can  be  centrally  located. 

On  a  large  walk  job  recently  I 
watched  the  costs  of  handling  very 
closelv  and  after  using  3,500  bbls., 
found'  that  the  costs  in  the  different 
lines,  such  as  unloading,  re-piling 
and  finally  the  sh.aking  and  wiring 
had  cost,  not  figuring  the  loss  in  wet 
and  broken  sacks,  11.2  cts.  per  bbl. 
On  another  job  of  paving,  in 
which  I  used  10,000  bbls.  I  found 
that  the  losses  were  300  sacks  by 
water,  200  came  torn,  and  another 
300  were  destroyed  by\  wagons.  On 
this  particular  job  I  was  careful  to 
hold  the  percentage  down  as  low  as 
possible. 

We  seldom  think  of  the  loss  in 
cement  where  the  bags  come  untied 
and  part  of  the  cement  is  wasted  on 
the  ground,  so  that  in  figuring  the 
costs  there  are  several  minor  losses 
that  we  have  been  unable  to  esti- 
mate. 

We  shall  have  to  take  into  con- 
sideration the  fact  that  there  are 
some  losses  in  the  use  of  bulk  ce- 
ment, but  if  the  contractor  will  stop 
and  estimate  the  costs  and  then  keep 
a  close  account  of  them,  he  will  be 
surprised  at  the  difference  in  the 
figures. 

By  Mr.  Newman 
I  believe  that  cement  in  sacks  is 
too   convenient   as   regards   carrying 
[ISl] 
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portioning  by  the  sack  or  sacks  full 
for  the  small  contractor  for  him  to 
give  them  up  readily.  On  a  large 
concentrated  jbo  it  is  different  and 
bulk  cement  can  be  used  to  advan- 
tage but  in  most  building  construc- 
tion, and  small  house  construction 
in  particular,  it  is  essential  that  the 
cement  be  delivered  in  small  pack- 
ages. If  reasonable  care  is  taken 
every  sack  can  be  returned  without 
loss  to  the  contractor.  Personally, 
I  have  never  regarded  paper  sacks 
as  an}i:hing  more  than  a  makeshift, 
but  I  see  much  in  retaining  cloth 
sacks. 


By  Mr.  W.ashburn- 

I  do  not  favor  the  use  of  bulk  ce- 
ment except  under  especially  advan- 
tageous circumstances.  On  large 
jobs  where  the  cement  can  be  un- 
loaded directly  from  cars  into  bins, 
the  saving  gained  by  the  use  of  bulk 
■cement  will  amount  to  from  4f  cts.  to 
7   cts.    per   bbl.    according  to   condi- 


tions and  methods  used  by  the  con- 
tractor. 

If  the  specifications  do  not  require 
weighing  of  the  cement  as  it  goes 
into  the  mixer  it  need  not  be  handled 
after  being  unloaded,  for  it  is  a  com- 
paratively easy  matter  to  arrange  a 
device  for  measuring  the  cement 
automatically  by  the  use  of  an  ad- 
justable cut-off  apparatus  worked 
with  a  lever.  Of  course,  there  is 
some  waste  in  unloading  the  cement. 
I  should  say  that  shipping  cement 
in  the  bulk  cuts  down  the  loss  caused 
by  leaky  cars,  and  cement  is  some- 
times shipped  in  leaky  cars. 

If  the  work  is  so  situated  that  tlie 
cement  has  to  be  hauled  from  the 
cars  to  the  work,  sacks  may  be  used 
and  refilled  time  after  time.  How- 
ever, using  sacks  in  this  manner, 
there  is  bound  to  be  a  loss  on  them 
and,  in  addition,  tlie  additional  cost 
of  loading  the  cement  in  this  man- 
ner. For  obvious  reasons,  I  do  not 
believe  that  bulk  cement  will  ever 
be  used  on  anything  but  very  large 
jobs. 


Relations  Between  the  Architect  and 
the  Engineer        □  n  □  n 


The   Following  Questions  Are 
Discussed  By: 

T.    L.    CoNDRON^ 

David  W.  Morrow- 
Burt  D.  Fenner'' 
A.  Morgan  Smith* 
Robert  D.  Snodgrass'^ 

1.  Are  the  engineers'  plans  to  be 
supplementary  to  the  architects',  and 
to  be  so  designed  that  they  conform 
to  the  general  design  as  given  by  the 
architect,  in  regard  particularly  as 
to  measurements  of  floor  heights, 
sizes  of  window  and  door  openings, 
cornice  details,  framing,  etc.,  or  do 
the  engineers'  reinforcing  plans  sup- 
ersede and  control  the  architects'  de- 
signs, the  design  to  be  changed  in 
order  to  7fork  to  the  reinforcing 
plans? 

2.  If  the  reinforcing  engineer  in 
Tvorking  out  his  plans  finds  that  he 
can  make  a  more  convenient,  more 
economical  or  better  design  in  any 
way,  should  he  not  confer  with  the 
architect  before  chaiiging  his  design 
in  any  material  way? 


'The  Condron  Co.,  Chicago 
^Consult.  Engr.,  Cleveland 


'Architect,  Mt.  Lebanon,  Pa. 
=Chf.    Engr.,    Trussed    Concrete    Steel    Co., 
"V  oungstown,  Ohio 
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3.  Is  an  architect,  in  approving 
designs  for  reinforcing  submitted  by 
a  reinforcing  engineer,  supposed  to 
check  over  and  be  responsible  for 
measurements,  size  of  steel,  shape, 
location  and  placing  of  steel  and  for 
the  plans  being  so  that  the  working 
out  of  his  design  can  be  made,  or  is 
the  reinforcing  engineer  solely  re- 
sponsible for  the  correct  design  of 
his  work  so  that  the  architect's  plans 
can  be  carried  out? 


By  'Mr.  Condron 

We  do  not  like  the  term  "rein- 
forced concrete  engineer"  any  more 
than  we  would  favor  the  term  "wood- 
en" engineer.  Where  an  engineer  and 
architect  are  employed,  their  work 
should  be  harmonious  in  everv  par- 
ticular and  usually  the  engineer  and 
architect  are  associated  or  the  engi- 
neer acts  as  consulting  engineer  to 
the  architect. 

It  frequently  happens  that  certain 
"commercial  engineers,'"  in  order  to 
sell  material  or  for  other  reasons, 
endeavor  to  "improve"  upon  the 
architect's  plans  by  materially 
changing  them  or  by  substituting  an 
entirely  different  form  of  construc- 
tion  than  was  originally   called   for. 


This  is  sometimes  done  in  accord- 
ance with  the  architect's  wishes,  but 
more  frequently  it  is  done  regardless 
of  his  wishes.  It  is  unfortunately 
true  that  many  plans  for  buildings 
are  sent  out  that  have  not  been  well 
designed  structurally  and  an  experi- 
enced structural  engineer  can  im- 
prove upon  the  design  and  cheapen 
the  construction  to  the  advantage  of 
the  owner.  But  in  our  opinion  such 
substitutions  or  changes  should  only 
be  made  to  the  professional  adviser 
of  the  owner.  If  the  owner  has  not 
selected  a  competent  adviser,  that  is 
his   misfortune. 

Where  an  architect  is  employed 
and  reserves  to  himself  the  right  of 
approving  general  and  detailed 
structural  plans,  particularly  where 
he  requires  the  contractor  to  furnish 
the  general  structural  plans,  subject 
to  his  approval,  the  architect  must 
assume  the  responsibility  to  pass 
upon  the  design  as  to  strength  and 
adaptability.  Our  experience  is  that 
very  few  architects  are  willing  to  as- 
sume any  responsibility  in  approv- 
ing plans  submitted  by  contractors, 
but  certainly  the  technical  adviser  of 
the  owner  must  take  this  responsi- 
bility. The  architect's  responsibil- 
ity should  not  extend  to  detailed  di- 
mensions except  where  they  affect 
other  features  of  the  work  or  where 
they  involve  the  actual  strength  of 
the  structure.  The  contractor  should 
be  required  to  make  his  work  fit  to- 
gether and  fit  with  other  work  on 
the  building. 

It  not  infrequently  happens  that 
tlie  specifications  provide  that  the 
contractor  shall  submit  structural 
plans  showing  a  design  capable  of 
carrying  the  definite  loads  with  defi- 
nite unit  stresses  and  all  subject  to 
the  architect's  approval,  when  the 
architect  is  not  competent  to  pass 
upon  the  plans  submitted  and  fails 
to  employ  anyone  who  is  competent. 
Xumerous  instances  have  come  to 
the  attention  of  such  a  situation,  and 
to  make  matters  worse  the  contrac- 
tor at  times  has  shown  no  more 
knowledge  of  structural  designing 
than  has  the  architect,  with  a  result 
that  the  structure  has  been  built  in 
a  most  unsatisfactory  and  almost 
criminal  manner.  No  one  would 
pretend  that  this  represents  first- 
class  practice  but,  unfortunately,  it 
is  not  rare. 

So  long  as  some  architects  leave 
structural  designing  to  be  done  by 
those  whose  only  object  is  to  reduce 
the  cost  below  that  of  any  other  de- 
signer there  will  be  a  serious  ques- 
tion as  to  the  kind  of  professional 
services     rendered     by     "reinforced 

April,  1916 


CONCRETE 


concrete"   or   other   "material"   engi- 
neers. 

Bv  Mu.   Morrow 

1.  The  engineer's  plans  should 
supplement  the  arehitcet's  and,  if 
possible,  the  general  design  of  the 
tuilding  should  not  be  ciianged.  If 
for  any  reason  it  is  desirable  or  ad- 
vantageous to  vary  from  the  archi- 
tect's plans,  the  matter  sliould  be 
taken  up  with  him. 

2.  Tlic  engineer  should  confer 
•with  the  arciiitect  wlien  he  finds  that 
lie  can  materially  better  the  design 
■without  defeating  that  which  the 
architect  has  been  striving  to  accom- 
plish. 

3.  The  engineer  should  be  respon- 
sible for  his  design  and  if  looking 
after  the  supervision,  siiould  see 
that  all  steel  is  properly  placed. 
The  architect's  and  the  engineer's 
plans  should  agree. 

Bv  Mr.  Fenneh 

I  shall  be  glad  to  give  you  my 
personal  opinion  in  answer  to  the 
three  questions  which  you  ask.  You 
will  appreciate  that  my  answers 
must  be  considered  as  personal,  for 
there  has  been  no  opportunity  to 
submit  the  questions  to  tlie  Board 
of  Directors  of  the  Institute. 

1st.  If  an  architect  makes  the  de- 
sign for  tiie  building,  it  is  unques- 
tionably the  duty  of  the  engineer  to 
fit  his  work  to  that  of  the  architect. 

2nd.  It  very  frequently  happens 
that  the  engineer  in  designing  his 
structural  members  will  find  ways  in 
which  slight  changes  in  the  archi- 
tect's design  would  result  in  more 
•convenient  or  more  economical  con- 
struction. In  such  cases  it  is  un- 
doubtedly his  duty  to  call  the  matter 
to  the  architect's  attention,  and  to 
■work  in  co-operation  with  him. 

3rd.  The  architect  checks  the  en- 
gineer's drawings  in  order  to  see 
"whether  or  not  they  correctly  in- 
terpret and  carry  out  his  design. 
The  architect  does  not  assume  re- 
spmnsibility  for  every  measurement, 
size  of  steel,  etc.,  for  this  is  pre- 
cisely the  service  for  which  the  en- 
gineer is  employed. 

By  Mr.  Smith 

1.  Assuming  that  a  large  build- 
ing is  to  be  erected  in  which  the 
major  portion  is  of  reinforced  con- 
•crete,  the  architect  knows  no  more 
about  concrete  design  than  does  the 
concrete  engineer  about  architectural 
proportions.  The  architect  gives  the 
■engineer  a  general  architectural  ar- 
rangement, also  floor  heights,  win- 
dow openings,  floor  loads,  etc.,  to 
work  on.  From  this  on  the  archi- 
tect  may   be   obliged  to   change   his 
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architectural '  scheme   to  suit  the  de- 
signs of  the  engineer. 

2.  If  the  architect,  through  un- 
familiarity  with  concrete  architec- 
ture, should  outline  a  building  far 
from  a  practical  concrete  arrange- 
ment, it  would  seem  altogether 
proper  for  the  engineer  when  he 
saw  that  a  proper  and  economical 
concrete  design  was  disarranging 
tiie  architect's  plans,  to  warn  the 
architect  wliat  was  likely  to  happen 
his   plans. 

3.  If  the  architect  is  competent 
to  check  over  concrete  sections,  sizes 
and  spacing  of  steel  he  may  place 
himself  responsible  for  the  proper 
working  out  of  the  engineer's  de- 
signs and  relieve  the  engineer  of 
any  further  obligations. 

There  is  no  doubt  but  that  the  en- 
gineer should  be  responsible  for  the 
correct  design  of  his  work  so  that 
the  architect's  designs  can  be  carried 
out,  provided  that  the  architect's  de- 
tail plans  have  been  available. 

By  Mr.  Snodgrass 

We  fail  to  understand  why  your 
correspondent  difTerentiates  between 
the  reinforced  concrete  engineer  and 
any  other  engineer  that  the  architect 
may  find  it  necessary  to  use  on  his 
design  for  a  structure.  Wc  believe, 
therefore,  that  an  answer  to  this 
(luestion  should  be  general  and  refer 
to  the  whole  engineering  design, 
rather  than  sini))ly  to  the  reinforced 
concrete  that  may  be  used  in  a  struc- 
ture. 

1.  As  a  rule,  the  architect  on  the 
building  is  employed  by  an  owner 
to  lay  out  a  structure  which  will  not 
only  please  him  architecturally,  but 
is  of  the  proper  dimensions  for 
story  heights,  window  openings,  door 
openings,  etc.  If  the  architect  is 
not  an  engineer  himself,  he  must 
necessarily  employ  a  structural  en- 
gineer to  look  after  the  structural 
features  of  the  building  for  him.  It, 
therefore,  remains  for  both  the 
architect  and  the  structural  engineer 
to  work  in  unison,  in  order  to  de- 
termine the  column  spacing,  the 
story  heights,  and  all  other  features 
of  the  structure  which  the  owner 
may  desire.  It  is  the  engineer's  part 
to  provide  as  cheap  a  structure  as 
possible  which  will  meet  the  archi- 
tectural requirements. 

2.  There  should  be  an  effort  on 
the  part  of  both  the  architect  and 
engineer  to  make  the  structure  as 
economical  as  possible,  at  the  same 
time  giving  due  consideration  to  the 
owner's  desire  for  architectural  ef- 
fects and  arrangement.  The  archi- 
tect and  the  engineer  should  co-op- 
erate to  secure  the  cheapest  structure 


possible  that  will  meet  the  required 
specifications. 

3.  The  architect  and  the  engineer 
employed  on  a  building  should  each 
be  responsible  for  his  own  part  of 
the  structure.  It  would  be  entirely 
foolish  to  request  of  an  architect 
that  he  check  and  approve  the 
strength  of  a  structure  when  it  is 
the  engineer's  business  to  do  this. 
However,  the  architect  should  cer- 
tainly check  and  approve  the  engi- 
neer's drawings  in  so  far  as  they 
concern  the  architectural  features  of 
the  building,  such  as  location  of 
openings,  size  of  members  to  meet 
the  architectural  effects,  headroom 
and  all  other  features  of  tlie  engi- 
neer's design  which  may  be  strictly 
regarded  as  part  of  the  architectural 
requirements. 

It  would  appear  from  your  ques- 
tions that  you  have  in  mind  more 
the  application  of  a  design  prepared 
by  a  manufacturer  of  reinforcing 
materials  than  the  relation  between 
an  architect  and  a  consulting  engi- 
neer, both  working  on  the  same 
proposition.  If  the  former  is  the 
case  and  if  the  architect  relies  upon 
a  manufacturer  to  supply  him  with 
a  design,  he  should  undoubtedly 
cheek  this  design  to  determine 
whether  or  not  it  meets  his  architec- 
tural requirements  and  at  the  same 
time  he  should  appoint  an  engineer  to 
approve  the  plans  structurally.  The 
average  manufacturer  of  structural 
materials  is  honest  and  attempts  to 
give  the  architect  all  that  is  asked 
for  in  his  specifications;  neverthe- 
less, there  may  be  a  few  isolated 
cases  where  the  manufacturer  is 
more  anxious  regarding  his  own 
profits  than  the  proper  design  of  the 
structure,  and  in  order  to  secure  ab- 
solute protection  against  such  a  con- 
dition and  .also  in  order  to  protect 
himself,  the  architect  should  employ 
an  engineer.  It  must  be  remember- 
ed that  when  an  owner  employs  an 
architect  to  execute  a  building  for 
him,  he  expects  to  receive  engineer- 
ing as  well  as  architectural  service. 


Among  the  new  uses  for  concrete 
is  a  guard-rail  to  be  used  in  con- 
nection with  railroad  track.  A  com- 
pany under  the  name  of  the  Auer 
Concrete  Guard  Rail  Co.  has  just 
been  formed  at  White  Plains,  N.  Y., 
for  the  purpose  of  manufacturing 
and  dealing  in  reinforced  concrete 
products,  contracting  for  bridges, 
roads,  guard  rails  and  so  forth.  The 
principal  purpose  of  the  company  is 
the  construction  of  guard-rails  and 
other  similar  track  specialties. 
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CONCRETE 


Correspondence  :  a  Department 

in  Which  the  Reader  Becomes  the   Writer         □ 

This  is  your  department.  It  is  informal.  Use  it.  This  is  the 
place  for  letters  tvhich  have  either  inspiration  or  information  for 
the  '  'other  felloiv. "  It  is  well  to  remember  that  yon,  are  usually 
in  his  position.  If  you  are  to  get  the  good  out  of  these  columns, 
•why  not  help  to  make  them  good  ?  Write  about  your  xicork. 
Help  the  Other  "other fellozf."  n  n  n 


T'he  Use  of  Crushed  Brick  in  Concrete 

A  Letter  From   Carl  H.   Fuller' 

While  chief  engineer  of  an  elec- 
trie  railway  in  the  South,  the  writer 
had  considerable  experience  in  the 
use  of  crushed  brick  as  concrete  ag- 
gregate. 

The  high  price  of  $2.50  per  ton 
for  crushed  granite  led  to  the  inves- 
tigation of  other  substitutes  in  bal- 
last. Paving,  building  operations 
and  other  construction  work  about 
town  afforded  a  large  amount  of  de- 
bris in  the  way  of  granite  curbing, 
broken  concrete,  paving  block,  build- 
ing brick  and  sewer  tiling  which 
could  be  had  for  the  hauling.  The 
sewer  tiling  came  from  a  factory 
manufacturing  that  product  and  was 
therefore  clfan.  Having  the  cars, 
labor  and  a  rock-crushing  outfit,  the 
writer  began  a  campaign  to  secure 
all  of  this  material  available,  intend- 
ing to  crush  and  use  it  as  ballast  un- 
der tracks.  In  the  beginning  all  of 
this  material  was  piled  promiscuously 
together  in  the  yard  and  crushed  at 
opportune  times. 

Having  occasion  to  concrete 
around  some  special  track  work  in  a 
hurry,  some  of  this  mixed  ballast  was 
screened  and  used  for  aggregate, 
producing  such  good  results  that  we 
made  it  a  point  to  separate  all  of  the 
clean  rock  from  the  other  materials, 
intending  to  reserve  the  rock  for  con- 
crete, but  soon  the  demand  for  con- 
crete materials  led  to  the  further 
separation  of  clean,  vitrified  paving 
block  to  be  crushed  for  this  purpose. 
Later,  experiments  were  made  with 
all  of  the  other  varieties  of  crushed 
aggregates  and  the  following  conclu- 
sions drawn  from  such  work: 

Crushed  vitrified  paving  block, 
■when  not  contaminated  with  paving 
pitch  or  asphaltic  fillers,  make  a 
good,     sound     concrete      having     a 


'Greensburg,  Pa 


strength  closely  ai3]iroximating  that 
made  from  the  finest  granite,  but 
should  not  be  used  for  patching  or 
adjacent  to  rock  concrete  where  it  is 
objectionable  as  it  has  a  darker  and 
more  distinctive  color.  When  crush- 
ed to  %"  and  under,  it  gives  most 
satisfactory  results  in  thin  rein- 
forced work  and  floors. 

Crushed  sewer  tiling  bring  prac- 
tically the  same  material  gives  near- 
ly as  good  results,  the  slight  glaze 
having  no  apparent  bad  effects. 

Crushed  building  brick,  usually 
being  of  a  softer  nature,  do  not  pro- 
duce quite  so  strong  a  concrete,  but 
are  a  most  acceptable  substitute  in 
foundations  for  paving  operations 
or  walls  where  mass  rather  than 
strength  is  desired.  Unless  all  of 
the  brick  are  hard  burned,  considera- 
ble care  should  be  exercised  in  using 
them  for  any  other  purposes.  The 
resulting  concrete  has  a  distinctive 
reddish  color. 

Re-crushed  concrete  makes  a  good 
aggregate  for  mass  work  or  paving 
operations  but  unless  the  original 
concrete  was  of  exceptional  good 
quality  its  use  should  be  avoided, 
where  strength  is  desired,  as  it  is 
usually  much  inferior  to  fresh  stone. 

All  of  the  materials  should  be  thor- 
oughly cleaned  before  crushing,  all 
dust  screened  out  after  crushing  and 
if  possible,  washed  with  clean  water 
as  the  crushing  operation  produces  a 
large  percentage  of  fine  dust  that  is 
highly  detrimental  to  making  good 
concrete. 

Building  brick  that  have  been  laid 
up  in  sand-lime  mortar  should  have 
all  mortar  carefully  removed  before 
crushing,  though  sometimes  the 
crushing  and  screening  will  do  this 
work  effectively. 

Paving  block  that  have  been  laid 


with  cement  grout  do  not  need  to  be 
cleaned,  as  the  crushing  and  screen- 
ing will  effectually  remove  all  the 
loose  cement. 

Paving  block  that  have  been  laid 
with  pitch  or  asphalt  fillers  should 
be  carefully  and  thoroughly  cleaned 
before  crushing.  This  is  imperative 
as  the  cement  will  not  adhere  to  the 
particles  of  pitch  or  pitchy  surfaces. 
If  such  brick  must  be  used  they  can 
be  cleaned  by  racking  up  in  kiln 
formation  and  building  an  intense 
wood  fire  under  them  until  they  are 
burned  clean.  Coal  should  not  be 
used  for  this  purpose  as  it  leaves  the 
faces  of  the  brick  with  a  greasy  sur- 
face. They  may  also  be  cleaned  by 
hand  in  cold  weather  but  results  are 
generally  unsatisfactory. 

All  such  material  should  be  thor- 
oughly wet  before  using.  The  best 
way  is  to  charge  the  empty  mixer 
with  the  water,  first,  then  add  part 
of  the  cement,  the  crushed  brick, 
sand  and  balance  of  the  cement  in 
that  order.  By  so  doing  the  porous 
material  will  become  impregnated 
with  the  cement  thus  adding  consid- 
erable strength  to  the  final  product. 
This  method  of  charging  also  has  the 
merit  of  leaving  the  mixer  clean  at 
all  times. 

Concrete  made  with  brick  aggre- 
gate should  be  rich  in  cement  as  the 
porous  nature  of  the  aggregate  ab- 
sorbs more  of  the  finer  particles  thai* 
ordinary  stone  but  when  handled  as 
described,  test  pieces  will  almost  in- 
variably break  through  the  brick, 
proving  the  concrete  to  be  equal  to  or 
greater  in  strength  than  the  aggre- 
gate used. 

Soft-burned  or  adobe  brick  should 
never  be  used  as  such  material  has  a 
very  low  tensile  strength  and  some 
of  it  readily  crumbles  to  dust. 

For  exposed  surfaces,  crushed 
vitrified  pavers  or  hard  burned  build- 
ing brick  of  all  kinds,  if  brushed  out 
when  the  surface  is  green,  scrubbed 
with  acid  or  tooled,  presents  a  de- 
lightful mottled  appearance  and  the 
color  effect  may  be  varied  through 
quite  a  range  by  using  a  little  care 
in  the  selection  of  the  materials. 

These  experiments  and  observa- 
tions proved  that  good  hard-burned 
brick  and  clay  products  when  clean 
and  handled  in  the  proper  manner 
will  produce  results  quite  equal  ta 
other  aggregates,  while  a  little  good 
iudgment  in  their  application  will 
find  many  uses  for  such  material  irt 
the  better  grades  of  work. 


'Material  of  this  nature  was  used  success- 
fullv  and  mtli  attractive  results  in  tlie  work 
of  the  Sage  Foundation  Houses  Co.,  under  the 
direction  of  Grosvenor  Atterbury,  at  Forest 
Hills  Gardens,  Long  Island.  Facing  aggre- 
gate consisted  of  crushed  red  tile.  See  Con- 
crete, Jan.  1915,  p.  3.— Editors 
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CONCRETE 


Importance  of  Ceinent  Volume  in  Tests 
of  Aggregate 


I  beg  to  draw  the  attention  of 
tjiose  engaged  on  researehes  in  con- 
crete to  a  i'ew  points  that  numerous 
tests,  which  I  liave  made  from  time 
to  time,  suggest  to  me. 

First  and  foremost,  I  wish  to  make 
a  strong  apjjeal  to  those  engaged  on 
concrete  research,  not  only  to  give 
the  usual  information,  sucii  as  pro- 
portions of  mix,  sizes  of  material, 
age,  etc.,  but  to  give  also  the  follow- 
ing very  necessary  item:  The  per- 
centage of  a  cement  content  in  the 
finished  concrete,  or,  in  the  form  of 
a  fraction. 

Volume  of  cement  used 

Volume  of  finished  concrete. 
In  order  to  show  the  need  for  this 
I  will  state  that  out  of  20  mixes  of 
concrete,  using  different  materials, 
to  the  common  proportions,  1:2:4, 
and  all  made  for  the  same  purpose 
and  at  the  same  time,  there  was 
produced  a  minimum  ratio 
Vol.  cement 


(Fin.  volume) 
of  1  :;j.()  and  a  maximum  ratio  of 
1 :4.33,  these  being  based  on  the  dry 
volume  of  cement  introduced.  If 
based  on  the  wetted  volume  of  ce- 
ment, the  ratios  become  1  :8.0  and 
1 :6.2. 

The  next  point  is  that  the  one  witli 
the  least  cement  was  weakest,  while 
the  one  with  most  was  strongest. 
The  weakest  was  gravel  and  the 
other  stone.  Now  that,  to  some,  con- 
demns gravel ;  but  they  are  unfair. 
Give  the  gravel  an  equal  chance  by 
allowing  it  as  much  cementing  ma- 
terial for  the  finished  volume  of  con- 
crete produced  as  with  the  stone,  and 
also  by  reducing  the  ratio  of  sand 
to  large  material ;  it  will  be  found, 
all  other  things  being  equal,  (ma- 
terials of  approximate  equal  size, 
equally  clean  and  same  treatment) 
that  practically  no  difference  will 
exist.  Two  reasons  exist  for  the 
suggestion  to  use  less  sand: 

(a)  Gravel  contains    (usually)   a 

smaller  percentage  o  f 
voids  than  stone. 

(b)  Gr.avel  is  more  easily  "lub- 

ricated" into  position  by 
the  sand  and  cement  than 
is  stone,  because  of  tlie 
rounded  particles. 
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A  Letter  from  H.  C.  Johnson^ 


The  third  point  is  that  on  the 
usual  specification  for  1:2:1  con- 
crete, the  contractor  using  gravel 
can  produce  a  structure  of  a  given 
size  with  the  use  of  100  tons  of  ce- 
ment; whereas  another  would  use 
128'/^  tons  in  a  stone  concrete. 

There  are  two  waj's  of  looking  at 
this: 

(a)  The  Contractors' 

(b)  The  Engineers' 

The  contractor  could  save  28l/'o 
tons  of  cement,  plus  the  saving  in 
not  having  to  handle  this  quantity — 
a  total  saving  worth  effecting.  The 
engineer  can  be  sure  that  his  struc- 
ture is  .ilniost  proportionately  weak- 
er. 

It  was  on  reading  a  report  of 
tests  on  (1)  gravel,  (2)  limestone, 
and  (3)  slag,  as  large  aggregates, 
all  mixed  1  :2 :4,  where  the  strengths 
were  low  for  gravel,  medium  high 
for  limestone,  and  high  for  slag, 
that  prompted  me  to  write  j'ou. 
Should  this  catch  the  tester's  eye,  I 
beg  of  him  to  make  up  another  batch 
of  each,  but  with  equal  percentages 
of  cement  and  of  equal  working  con- 
sistency, and  report  once  more  with 
the  old  figures  alongside. 


Should  Details  be  Fur- 
nished Before  a  Con- 
tract is  Signed?  n 

— A  Letter  From  C.  Alexander 
Wright 

The  difficulty  of  obtaining  full  de- 
tailed information  of  what  is  really 
wanted  when  bidding  upon  work  is 
one  of  the  serious  problems  which 
confronts  the  contractor  today,  for  it 
is  largely  the  "detail"  which  deter- 
mines what  work  is  really  worth. 

In  estimating  cost  of  building 
work,  the  writer  knows  of  no  legiti- 
mate reason  why  all  the  cards  should 
not  be  laid  upon  the  table,  face  up. 

Should  details  be  furnished  before 
or  after  a  contract  is  let?  To  fair- 
minded  men  there  can  be  but  one  an- 
swer to  this  question.  If  details  are 
not  ready  when  the  job  is  being  fig- 
ured they  should  certainly  be  in  the 
hands  of  the  contractor  before  he  is 
called  upon  to  sign  up.  Now  as  de- 
tails must  be  prepared  and  furnished 


at  some  time,  is  there  any  logical  rea- 
son why  this  should  not  be  done  at  a 
time  when  such  information  would  be 
of  the  greatest  value  to  the  bidder,  i. 
e.,  when  he  is  making  up  his  prices? 
Why  this  keeping  back  of  vital  in- 
formation at  that  time?  It  is  not  to 
the  bidder's  advantage,  of  course. 
Who  is  it  that  benefits?  Is  it  the 
owner?  Or  is  it  for  the  greater  con- 
vience  of  the  architect?  But  what- 
ever the  reason,  can  it  be  regarded 
as  fair  to  the  bidder?  It  is  obvious 
that  an  individual  bidder  is  helpless. 
He  cannot  force  the  issue  himself  in 
any  particular  instance.  But  collec- 
tively through  their  organizations, 
contractors  might  make  reasonable 
and  proper  representations  of  these 
facts  to  their  local  architects,  with  a 
view  to  betterment  of  the  conditions 
named. 

Certain  remedies  have  been  sug- 
gested from  time  to  time.  One  is  the 
quantity  system,  which  would  go  a 
long  way  towards  determining  all  de- 
tails beforehand,  but  pending  the 
general  adoption  of  this  modern 
method  of  inviting  bids,  some  other 
remedy  is  necessary.  One  that  would 
seem  to  afford  desired  relief  would 
be  the  passage  of  a  city  ordinance 
providing  that  applications  for  build- 
ing permits,  for  work  above  a  certain 
estimated  cost,  should  be  accom- 
panied not  only  by  the  usual  plans 
and  specifications  but  by  details  to  a 
scale  of  say  not  less  than  l^'i;"  to 
1',  or  sufficient  to  indicate  the  char- 
acter of  the  work  which  is  to  be  per- 
formed in  detail. 

It  takes  no  longer  to  study  the  de- 
tails of  a  structure  before  a  contract 
is  entered  into  than  afterward.  It 
has  to  be  done  sometime.  The  owner 
who  is  now  so  often  unduly  impa- 
tient to  see  his  building  started  would 
soon  learn  to  adapt  himself  to  the 
new  condition,  if  he  realized  that  his 
architect  was  simply  conforming  to 
the  law.  There  would  be  just  as 
many  buildings  erected,  and  bidders 
would  understand  more  clearlv  what 
it  was  they  were  bidding  upon. 


Why  pay  high  prices  and  endure 
slow  delivery  for  structural  steel, 
when  in  many  cases  long-span  con- 
crete girders  and  roof  trusses  would 
be  as  economical  and  even  better 
construction? 


Firebrick  crushed  and  washed, 
used  as  an  aggregate  with  cement, 
form  an  efficient  fireproofing,  well 
adapted  for  lining  of  ovens,  chim- 
neys, etc.  Slag  concrete  is  valuable 
for  the  same  purpose. 
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CONCRETE 


Orga  n  iza  tions 


American  Concrete  Institute,  Leonard 
C.  Wason,  President,  27  School  St.,  Bos- 
ton. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,  Chicago. 

American  Highway  Association,  Chas. 
P.  Light,  Field  Secretary;  Colorado 
BIdg.,  Washington,  D.  C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 
N.  y.   C.     Convention. 

Association  of  American  Portland  Ce- 
ment Manufacturers  (Portland  Cement 
Association),  J.  P.  Beck,  Gen.  Mgr., 
Ill   Washington   St.,  Chicago. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  Robt.  F. 
Hall,  Secy. 

Mid  West  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whippferman,  Oma- 
ha, Neb. 

Second  National  Conference  on  Con- 
crete Road  Building,  J.  P.  Beck,  Secy., 
208  S.  LaSalle  St.,  Chicago. 


The  Omaha  Convention 
and  Show 

The  Mid-West  Cement  Users' 
Assn.  held  a  successful  convention 
Mar.  1-3,  in  Omaha,  in  connection 
with  the  annual  show.  The  total  at- 
tendance at  the  Show  was  7,133. 
The  space  for  next  year's  Showy  the 
dates  for  which  have  not  been  de- 
cided, has  practically  all  been  re- 
served. The  Association  elected  only 
one  new  officer,  the  president,  G.  W. 
Appo,  Kansas  City,  who  succeeds  G. 
F.  Lillie,  Fremont,  Nebr.  Other  of- 
ficers were  re-elected  as  follows :  C. 
J.  Tracy,  vice-pres.,  Loup  City, 
Nebr. ;  Frank  Whipperman,  secy, 
and  treas.,  Omaha. 

The  attendance  at  the  convention 
itself  was  notably  good.  The  sec- 
ond day  more  than  300  were  pres- 
ent. The  opening  addresses  were  by 
James  G.  Dahlman,  Mayor  of  Oma- 
ha, and  E.  V.  Parrish,  mgr.  of  the 
Publicity  Bureau  of  the  Omaha 
Commercial  Club,  followed  by  re- 
marks by  the   president,  Mr.   Lillie. 

Among  the  addresses  at  the  con- 
vention were  the  following:  "Effi- 
cient Methods  and  Cost  of  Produc- 
ing Cement  Products,"  by  E.  S. 
Hanson,  Editor,  Cement  Era,  Chi- 
cago; "My  Experience  with  Concrete 
Construction,"  by  Simon  Redbird, 
graduate  of  Haskell  Institute  and 
Supervisor  of  Construction  at  the 
U.   S.   Indian  School,  Genoa,  Nebr.; 


"Permanent  Farm  Building  Con- 
struction," by  Prof.  M.  H.  Hoffman, 
Agricultural  Dept.,  Iowa  State  Col- 
lege, Ames,  la.;  "Insurance  and 
Other  Economies  of  Fireproof 
Homes,"  by  F.  L.  Williamson,  vice- 
pres.,  Dewey  Portland  Cement  Co., 
Kansas  City,  Mo. ;  "Concrete  Cul- 
verts and  Bridges  for  Public  High- 
ways," by  A.  I*.  Young,  mgr.,  Wil- 
son Reinforced  Concrete  Co.,  Neb- 
raska City,  Nebr.;  "Paving  the  Lin- 
coln Highway/'  by  J.  B.  Marcellus, 
engr.,  Assn.  Am.  Portland  Cement 
Mfrs.,  Kansas  City,  Mo.;  "The  De- 
velopment of  Concrete  Construc- 
tion," by  W.  A.  Collings,  Concrete 
Engr.,  Kansas  City,  Mo.;  "Relation 
of  Cement  Manufacturer  and  User," 
by  G.  M.  Wood,  Cement  Products 
Bureau,  Assn.  Am.  Portland  Cement 
Mfrs. 


Engineering  Co-operation 
Convention 

An  invitation  has  been  issued  by 
a  committee  consisting  of:  F.  H. 
Newell,  Chmn.,  University  of  Illi- 
nois, Urbana,  111. ;  C.  E.  Drayer, 
Secy.,  Cleveland  Engrg.  Soc,  Cleve- 
land ;  Willard  Beahan,  Past  Pres., 
Cleveland  Engrg.  Soc,  Cleveland; 
H.  H.  Esselstyn,  Past  Pres.,  Detroit 
Engrg.  Soc,  Detroit;  Farley  Gan- 
nett, Past  Pres.,  Engrs.  Soc.  of  Pa., 
Harrisburg,  Pa. ;  Charles  R.  Gow, 
Mem.  A.  S.  C.  E.,  West  Roxbury, 
!Mass. ;  George  H.  Herrold,  Pres., 
Civ.  Engrs.  Soc.  of  St.  Paul,  St. 
Paul,  Minn. ;  A.  J.  Himes,  Past  Pres., 
Cleveland  Engrg.  Soc,  Cleveland; 
John  C.  Hoyt,  Pres.,  Washington 
Engrg.  Soc,  W^ashington,  D.  C. ;  A. 
Stucki,  Past  Pres.,  Engrs.  Soc.  of 
Western  Pa.,  Pittsburgh ;  D.  Robert 
Yarnall,  Vice-Pres.,  Engrs.  Club  of 
Phila.,  Philadelphia;  John  Younger, 
Pres.,  Engrs.  Soc  of  Buffalo,  Buf- 
falo, N.  Y.,  to  all  engineering  organ- 
izations to  send  delegates  to  a  con- 
ference on  engineering  co-operation 
to  be  held  Thurs.  and  Fri.,  Apr.  13 
and  li,  in  the  rooms  of  the  Western 
Soc.  of  Engrs.,  1733  Monadnock 
Blk.,  Chicago,  III.  The  following 
items,  among  others,  may  be  consid- 
ered: 

1.  Co-operation  among  engineer- 
ing organizations.  Is  it  desirable? 
In  what  way  is  it  practicable? 

2.  Benefits  of  co-operation  in  se- 
curing greater  efficiency  in  the  larg- 
er matters  of  concern  to  the  indi- 
vidual engineer,  to  the  profession 
and  to  the  public 

3.  Methods  of  co-operation  now 
in  practice  in  various  localities ;  re- 
sults attained  in  Philadelphia,  St. 
Louis,  St.  Paul  and  other  places. 


4.  Various  kinds  of  engineering- 
societies  and  committees  and  the 
relative  efficiency  of  their  opera- 
tions. 

5.  Relation  of  the  specialized  or 
exclusive  national  engineering  soci- 
eties to  their  local  sections  or 
branches  and  to  the  more  inclusive 
local  engineering  society  or  club. 

6.  Result  of  co-operation  in  secur- 
ing wider  diffusion  of  knowledge  on 
engineering  subjects,  as  illustrated 
at  Cleveland   and  elsewhere. 

7-  The  engineering  profession  a» 
a  whole  in  its  present  condition  as 
regards  public  esteem. 

8.  Reasons  for  decline  in  attend- 
ance at  engineering  colleges.  Is  it 
indicative  of  healthful  conditions  or 
of  proper  methods  of  education  ? 

9.  Employment;  methods  and  re- 
sults as  practiced  by  various  engi- 
neering societies ;  an  exchange  of 
ideas. 

10.  Legislative  activity,  proper 
limits  to  be  set,  dangers  to  be  avoid- 
ed and  needs  of  more  systematic  and 
better  directed  efforts. 


The  American    Society  for 
Testing  Materials 

Of  the  work  of  the  Am.  Soc.  for 
Test.  Mat.,  U.  S.  Commerce  Reports 
says: 

The  increasing  activities  of  the  Am. 
Soc.  for  Test.  Mat.  are  fully  presented 
in  five  publications  it  has  recently  issued. 
The  most  important  of  these  volumes  is 
the  756-pp.  year-book,  containing  the 
standards  and  tentative  standards  of  the 
Society.  Another  publication  of  350  pp. 
contains  a  summarized  list  of  standards, 
charter  and  by-laws  of  the  organization, 
information  concerning  the  Internatl. 
Assn.  for  Test.  Mat.,  with  which  it  is 
affiliated,  roll  of  membership,  board  of 
officers,  committees,  technical  problems 
and  numerous  other  facts  of  interest  to- 
those  who  have  occasion  to  deal  with 
specifications  for  materials  and  allied 
subjects. 

A  smaller  book,  containing  informa- 
tion about  the  Society,  states  that  it  was 
formed  in  1898  as  a  branch  of  the  inter- 
national organization,  was  incorporated 
in  1902  as  the  American  Society,  and 
that  it  still  maintains  a  close  relation  to 
the  parent  organization.  Membership 
may  be  held  by  individuals,  firms,  cor- 
porations, technical  or  scientific  societies, 
companies,  teaching  faculties  and  lib- 
raries. The  work  is  done  largely 
through  its  technical  committees,  which 
present  reports  and  recommendations  at 
the  annual  meeting.  There  are  now  38 
technical  committees,  with  a  total  mem- 
bership of  932. 

Edgar  Marburg,  the  secy.-treas.,  who 
is  prof,  of  civ.  engrg.  at  the  University 
of  Pennsylvania,  Philadelphia,  announces 
that  four  of  the  bureaus  of  the  U.  S. 
NavA'  hold  perpetual  membership  in  this 
society,  and  that  at  the  request  of  the 
Baldwin  Locomotive  Works  that  com- 
pany has  been  granted  the  Society's  per- 
mission to  publish  many  of  its  .standards 
relating   to    specifications    for    iron    and 
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siccl  products  in  Knfrlish,  Frcncli,  Spiin- 
ish,  PortuKiit^e  nml  Uussinn,  with  a  view 
t(i  their  serving  us  a  basis  in  the  pur- 
chnsT  of  locomotives  througliout  the 
world. 

The  U.  S.  Bur.  of  Standards  is  repre- 
sented on  many  of  the  technical  com- 
mittees of  the  Society,  and  is  an  active 
participant  in  its  work.  Mr.  Marburg 
<iills  attention  to  the  fact  that  simdar 
work  in  the  field  of  standardization  of 
specifications  is  licinp  done  in  England 
by  tlie  British  Kngineering  Standards 
Committee,  under  the  auspices  of  the 
leading  technical  societies,  manufactur- 
ers and  consumers,  and  with  liberal  finan- 
cial supjwrt  on  tlie  part  of  the  govern- 
ment. 

The  annual  report  of  the  Society's  ex- 
ecutive committee  says  of  its  useful- 
ness: 

The  bicrcasliiK  use  of  tlie  standard  spcel- 
(Ications  of  tlic  .Society  In  federal,  state  and 
municipal  circles,  apart  from  tlieir  extensive 
adoption  In  ordinary  cnmmcrcia  channels  Is 
sicniflcnnt  of  tlio  coiifldcnce  placed  in  the 
work  of  the  Sooiet\ .  and  emphasizes  the  rc- 
elpriical  olilinatlon  upon  the  .Society  to  jus- 
tifv  that  confldeiicc  In  connection  with  every- 
thing to  which  its  name  Is  attached.  It  may 
Tint  he  known  to  the  membership  at  larEC, 
for  example,  that  the  purchases  for  the  Pa- 
nama Canal  have  I.een  ma<Ie  larcely  under 
its  standards,  27  of  the  standard  specinca- 
fions  of  the  Society  being  now  used  by  tlie 
purchaslnir  department  of  the  canal;  also 
that  the  I'.  S.  postal  cars  are  purcha.scd 
subject  to  the  A.  S.  T.  M.  standard  speciHca- 
tlons  Ajjain,  nine  of  the  standard  speciflca- 
tions  have  been  adopted— in  some  cases  with 
slieht  modincations— in  connection  with  the 
holler  coile  recently  prepared  by  a  conimlttee 
of  the  .Vm.  Soc.  of  Mech.  Enirrs..  which  Is 
expected  to  be  adopted  in  many  stales  by 
legal  enactment. 


JVew  Books 


Maleriah  of  Conslntclion    -By  G.  B. 

Upton,'  clotli.  6"   X   9".  320  pp., 

illust.,  .Tohn  Wilev  &  Sons,   Inc., 

N.  Y.  C. 

This  book  is  an  outgrowth  of  the 
laboratory  course  in  Materials  of 
Construction  given  to  juniors  in  Sib- 
ley College. 

It  is  divided  into  two  parts.  The 
first  part  deals  with  the  determina- 
tion of  properties  of  materi.-ils  by 
means  of  engineering  testing.  The 
internal  phenomena  of  the  structure 
of  materials  under  load  are  explain- 
ed. The  ordinary  formulas  for  cal- 
culation of  stresses  and  deformations 
are  examined,  with  the  assumptions 
on  which  they  are  based,  their  ranges 
of  validity,  and  the  direction  and 
magnitude  of  their  errors  after  they 
cease  to  be  valid.  There  is  an  at- 
tempt to  teach  the  student  how  to 
interpret  and  criticize  test  results, 
and  to  formulate  binding  specifica- 
tions. 

The  second  part  of  the  book  deals 
with  the  nature  of  the  internal  struc- 
ture of  materials  and  the  control  of 
their  properties,  through  the  control 
of  the  structure.     The  principles  of 


■.'Vsst.    Prof.    Exp.    Engrg 
Cornell  University 
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Ijhysical  chemistry  concerned  in  heat 
treatment  are  outlined,  with  many 
diagrams  to   in.ike  relations  clear. 

The  general  analyses  for  finding 
the  true  stresses  after  the  elastic 
limit  in  torsion  or  transverse  load- 
ing ,  and  the  description  of  heat 
treatment  from  the  standpoint  of 
jihysical  chemistry  as  a  controlled 
rliemical  reaction  are  believed  to  be 
new  in  their  presentation.  The  new 
an,alysis  of-  torsion  and  transverse 
loading  is  already  giving  results 
which  may  clear  up  tlic  controversy 
over  "Guest's"  law  or  other  laws  of 
f'.iilure  in  combined  loadings,  and 
may  make  the  tests  of  ductile  metals 
in  direct  shear  unnecessary.  The 
final  chapter  is  devoted  to  the  test- 
ing of  cement. 

Portland     Cement     Concrete     Pave- 
ments   for    Country    Roads.      By 
Charles  H.  Moorefield  and  James 
T.  Voshell,  senior  highway  engi- 
neers, Office  of  Public  Roads,  U. 
S.  Dept.  of  Agriculture,  Bulletin 
No.  2i9.  Si  pp.,  6"  X  ",  paper. 
The    bulletin    records    the    rapid 
progress   of   concrete   road   building 
.•jGI.OOO  sq.  yds.  in  the  U.  S.  in  IQl* 
to    19.200,000   sq   yds.   in    19 It-      It 
calls    attention   to   the    principal   ad- 
vantages  and   disadvantages  of  con- 
crete roads  and  discusses  methods  of 
construction.     In  part  it  covers  the 
following  subject  matter: 

The  principal  advantage  of  concrete 
pavements  which  have  led  to  this  in- 
crease  in   popularity  are  said  to  be: 

(1)  Durability  under  ordinary  traf- 
fic conditions;  (J)  .\  smooth,  even  sur- 
face offering  little  resistance;  (3)  Ab- 
sence of  dust  and  ease  with  which  it 
may  be  cleaned;  (4.)  Comparatively 
.small  cost  of  maintenance  until  renew- 
als are  necessary;  (5)  Availability  as 
a  base  for  another  tvpe  of  surface  of 
desirable;  (6)  Attractive  appearance. 
In  commenting  upon  these  ad%'antages, 
the  bulletin  states  that  the  durability  of 
concrete  roads  has  not  yet  been  proved 
by  actual  practice,  because  there  are  no 
very  old  pavements  as  yet  in  existence, 
but  from  the  condition  of  those  which 
have  undergone  several  years'  service,  it 
seems  probable  that  thev  will  be  found 
to   wear   well. 

The  disadvantages  of  concrete  as  a 
road  surface  are:  (1)  Its  noise  under 
horse  traffic:  (2)  The  wearing  of  the 
necessary  joints  in  the  pavement;  and 
the  tendency  to  crack,  with  its  conse- 
quent rapid  "deterioration;  (3)  The  dif- 
ficulty of  repairs  when  these  become 
necessary. 

In  the  past  efforts  have  frequently 
been  made  to  overcome  these  objections 
to  a  certain  degree  by  covering  the  con- 
crete pavement  with  a  bituminous  wear- 
ing surface.  At  the  present  time,  the 
specialists  in  the  Dept.  of  Agriculture 
hold  that  this  can  not  be  economically 
justified  although  it  is  possible'  that 
future  investigation  may  change  the  sit- 
uation in  this  respect.'  In  the  present 
state  of  road  science,  however,  it  seems 
that    where    traffic    conditions    are    such 


that  a  bituminons  surface  on  a  concrete 
road  is  practicable  a  bituminous-surface 
macadam  road  would  be  equally  prac- 
ticable and  certainly  cheaper.  Where 
traffic  is  too  heavy  for  a  macadam  road, 
the  bituminous  surface  is  likely  to  give 
way  and  the  uneven  manner  in  which  it 
fails  tends  to  produce  excessive  wear 
on  portions  of  the  concrete. 

For  a  successful  concrete  road,  hard- 
ness, toughness  and  uniformity  are  the 
most  essential  qualities.  These  can  be 
secured  to  a  great  extent  by  care  in 
the  selection  of  the  constituent  materials 
and  the  proportions  in  which  they  are 
mixed.  Sample  specifications  are  in- 
cluded in  the  bulletin.  These  specifica- 
tions are  believed  to  typify  tlie  best 
engineering  practice  as  it  has  been  de- 
veloped up  to  this  time.  They  cover 
such  points  as  materials,  grading,  sub- 
grade,   and  construction. 

The  cement,  it  is  said,  should  always 
conform  to  some  standard  specifications 
for  Portland  cement,  such  as  tliose  is- 
sued by  the  U.  S.  Bureau  of  Standards 
or  the  Am.  Soc.  for  Test.  Mat.  The 
sand  should  not  contain  more  than  S 
per  cent  of  foreign  material,  and  sand 
with  more  coarse  than  fine  grains  is  to 
be  preferred.  The  coarse  aggregate  may 
consist  of  either  crushed  stone  or  gravel. 
In  either  case  it  is  very  desirable  that 
the  coarse  aggregate  be  we\l  graded  in 
size  between  proper  limits. 

The  proportion  of  cement  to  the  sand 
and  coarse  aggregate  combined  should 
not  be  less  than  about  1:5,  and  the  pro- 
portion of  sand  to  coarse  aggregate  not 
less  than  l'/2:3,  nor  greater  than  2:3. 
A  useful  formula  when  gravel  is  used  as 
coarse  aggregate  is  1  part  of  cement  to 
IV'a  parts  of  sand  to  3  parts  of  gravel. 
When  crushed  stone  is  used,  1%  parts 
of  sand  may  be  substituted  in  place  of 
IVi  parts. 

In  addition  to  discussing  the  engineer- 
ing details  of  construction,  the  bulletin 
cans  attention  to  the  fact  that  ordinarily 
from  Yj  to  V2  of  the  total  cost  of  con- 
structing a  concrete  pavement  is  for  labor 
after  the  materials  are  delivered.  This 
emphasizes  the  importance  of  efficient 
organization  and  proper  equipment. 
Failure  to  take  these  factors  into  con- 
sideration frequqently  results,  it  is  said, 
in  adding  from  10%  to  20^0  to  the  cost 
of  a  concrete  pavement. 

The  most  economical  method  is  to 
have  the  work  of  mixing  and  placing  the 
concrete  as  nearly  continuous  as  prac- 
ticable. The  work  should  be  planned 
with  a  primary  view  of  keeping  the 
mixer  going  fiill  time.  The  drainage 
structures,  the  grading,  and  the  sub- 
grade  should,  therefore,  be  completed 
well  in  advance  of  the  mixer  and  pro- 
vision made  for  obtaining  all  of  the 
necessary  materials  without  delay.  A 
common" error  is  the  failure  to  make  ade- 
quate provision  for  delivering  water  on 
the  work,  and  the  amount  which  a  given 
stream  is  capable  of  supplying  is  fre- 
quently overestimated. 


Some  Engineering  Problems  of  the 
Panama  Canal  in  Their  Relation 
to  Geology  and  Topography — 
Dept.  of  the  Interior,  Bureau  of 
I^Iines,  Washington,  D.  C.  Writ- 
ten by  Donald  F.  MacDonald  and 
published  with  the  approval  of  the 
Governor  of  the  Panama  Canal. 
Paper,  6"  x  9",  88  pp.,  iHust. 
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A  Combination  Concrete  and 

Wood  Pile 

By  L.  L.  De  Bra 

A  concrete  pile  has  been  designed 
by  K.  D.  MacLean\  and  is  of  inter- 
est in  connection  with  bridge  and 
wharf  construction. 

Wooden  piers  are  subject  to  natu- 
ral decay  and  to  destruction  by  fire 
above  the  water  line,  and,  in  salt 
water,  are  destroyed  by  the  teredo 
and  other  marine  insects.  In  the 
ground  beneath  the  mud,  wood  will 
last  indefinitely.  Only  recently, 
wooden  piles  were  removed  from  the 
River  Rhine  which  were  driven  in 
the  time  of  Julius  Caesar  and  were 
found  to  be  in  good  condition. 


For  permanent  con- 
struction in  water  at  a 
reasonable  cost,  the 
concrete  pile  is  the 
ideal  type.  It  is  im- 
mune from  decay,  fire 
or  marine  insect  at- 
tack, and  will  carry  a 
wood,  steel  or  rein- 
forced concrete  super- 
structure. The  ordi- 
nary pre-cast  pile  has, 
however,  one  very  seri- 
ous limitation  and  that 
is  length.  On  account 
of  its  weight  and  small 
cross-section,  it  is  diffi- 
cult, and  after  certain 
limits,  impossible,  to 
move  it  and  raise  it 
from  a  horizontal  to 
a  vertical  position.  Hence,  it  has 
been  used  in  shallow  mud  and  water 
only,  in  connection  with  bulkliead 
construction,  etc' 

The  object  of  tlie  socket  concrete 
pile  is  to  combine  the  good  features 
of  the  old  type  of  pre-cast  concrete 
pile,  without  its  defects,  with  the 
decreased  weiglit  and  submerged 
permanency  of  the  wood  pile. 

The  new  pile  is  constructed  of  re- 
inforced concrete,  molded  on  the 
ground  in  either  steel  or  wood  forms 
prior   to   driving.      One    end   is    fur- 


Fio.  3 — SwiNGiNO  Pile   Into  Place 


Sect/onA-A 

Fig.  1 — Concrete  and  Wood  Pile 

'San  Francisco,  Cal. 
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Fig.  2 — Socket  Piles  in  Yabd 

nished  with  a  socket  for  superimpos- 
ing upon  a  wooden  pile,  the  idea  be- 
ing to  use  the  wooden  pile  in  the 
ground  below  the  mud  line  and  place 
upon  it  the  concrete  socket  pile. 

Soundings  are  first  made  in  the 
usual  manner  and  the  length  of  the 
wooden  pile  computed  so  that  its 
top,  when  driven,  will  be  a  foot  or 
two  below  the  mud  line.  The  pile  is 
then  driven  to  within  a  short  dis- 
tance of  the  water  line.  A  collar  of 
burlap  or  other  material  is  placed 
around  the  pile  at  a  point  near 
where  the  end  of  the  socket  will 
come  and  the  concrete  socket  pile  is 
then  placed  over  the  wooden  one. 
The  socket  pile  is  held  up  about  6" 
while  all  the  space  in  the  socket  not 
occupied  by  the  end  of  the  wood  pile 
is  filled  with  grout  through  a  small 
pipe  fitted  in  the  socket  for  that  pur- 


'See   Concrete,   July.   1915,   for   account  of 
exceptional  work  at  Halifax,  N.  S. 


pose  and  the  pipe  capped.  The 
socket  pile  is  then  dropped  into  place 
and  the  heavy  pressure  forces  the 
grout  into  all  voids.  The  combined 
))ile  is  then  driven  home. 

Lengthy  investigations  made  while 
the  inventor  was  Supt.  of  Const,  of 
the  State  Board  of  Harbor  Commis- 
sioners at  San  Francisco  demonstrat- 
ed that  the  socket  is  the  strongest 
part  of  the  pile.  In  one  test,  the 
wooden  pile  was  driven  until  the  top 
was  about  7'  above  the  floor  of  the 
dock  and  left  in  place  from  4:30 
)3.  m.  until  8 :30  a.  m.  the  next  day 
before  driving  was  continued.  The 
socket  pile  rested  upon  the  wooden 
pile  over  night.  Before  the  driving 
was  resumed,  tlie  socket  pile  was 
raised  about  6"  and  the  space  filled 
with  grout.  The  pile  was  40'  in 
length,  the  shaft  being  34'  long  and 
the  socket  6'  deep.  The  diameter 
of  the  shaft  was  16"  and  the  socket 
walls  were  6"  thick.  The  reinforc- 
ing was  eight  %-in.  corrugated  bars 
wrapped  with  No.  3  annealed  wire, 
socket  wrapped  on  3-in.  pitch  and 
shaft  on  6-in.  pitch.  It  weighed 
about  5  tons.  The  pile  was  driven 
with  Arnott  No.  1  hammer,  deliver- 
ing 1,100,000  ft.-lbs.  per  min.  at  110 
blows.  Hammer  worked  at  about 
117  blows. 

The  first  30  blows  caused  a  pene- 
tration of  1'  next  23  blows  caused 
penetration  of  18',  next  27  blows 
12',  next  110  8',  next  953  blows  a 
penetration  of  4',  to  refusal.  Total 
blows  1,143.  Total  penetration  of 
pile  (wooden  tip)  61'. 

About  a  month  later,  to  test  the 
efficiency  of  joining  the  concrete  and 
the  wooden  portion  of  the  pile,  an 
attempt  was  made  to  pull  the  pile 
out.  State  pile-driver  No.  1  was 
used,  being  equipped  with  an  8l/4-in. 
x   10-in.  double-cylinder  triple-drum 

^Corrugated  Bar  Co..  Buffalo,  N.  Y. 

April,  1916 


CONCRETE 


engine.  The  i)ilc  was  slung  willi  a 
1  Vi;"'"-  staggered  cliain  with  a  l-in. 
iiook  and  tiic  line  from  this  passed 
througli  a  p.iir  of  3-sheavc  blocks, 
thenee  to  the  hook  of  a  single  block 
in  the  bight  of  the  engine  runner, 
one  end  of  wliich  runner  was  fas- 
tened to  the  head-i)loek  of  the  driv- 
er. The  mud  was  then  loosened 
around  the  socket  of  the  pile  by 
means  of  a  2-in.  jet  and  over  an 
liour  spent  with  the  purchase  above 
described,  trying  to  pull  the  concrete 
pile  off  the   wooden  one. 

When  this  attemjjt  was  found  to 
be  unsuccessful,  a  floating  driver 
was  brought  alongside,  and  with  the 
two  machines  the  pile  was  pulled 
forward  and  backward  through  an 
arc  of  about  110°  to  see  whether  or 
not  it  would  be  fractured  in  the 
socket.  The  pile  finally  broke  about 
S'  above  the  socket.  A  second  at- 
temi)t  to  pull  out  the  remaining  por- 
tion was  no  more  successful  than  the 
first.  The  pile  still  remains  where  it 
was  driven. 

This  test  was  most  severe  and 
proved  without  a  doubt  that  the 
socket  can  be  depended  upon  for  at 
least  as  great  an  efficiency  as  the 
ordinary  type  of  concrete  pile. 

The  socket  pile  is  being  used  with 
success  in  repair  work  on  existing 
structures. 

The  following  tabulation,  showing 
a  summary  of  all  the  bid  figures  re- 
ceived by  San  Joaquin  Co.,  Cal., 
.Tune  8,  IPI.T,  illustrates  the  econ- 
omy resulting  by  reason  of  employ- 
ing a  socket  ))ile  substructure  in 
place  of  the  concrete  cylinder  pier 
on  piles: 


handled  tools  and  the  drier  top  coat 
depends  a  great  deal  upon  tlie  way 
the  sidewalk  work  is  planned.  -The 
old  schedule  for  mixing  foundation 
course  and  top  course  and  for  finish- 
ing would  not  work  out  satisfactorily 
at  all  with  long-handled,  double-ac- 
tion finishing  tools.  When  this  was 
discovered  Mr.  Wood  says  that  he 
set  up  just  twice  as  many  side  forms 
as  he  had  done  formerly  and  pro- 
vided material  accordingly.  One  fin- 
isher was  dispensed  with  and  given 
a  place  at  the  mixer.  The  mixer 
first  ran  175  lin.  ft.  of  sidewalk 
base  course,  the  walk  being  6'  wide. 
Then  the  mixer  was  changed  to 
"top"  mix.  The  usual  stretch  run, 
using  the  wetter  top  mixture  and  the 
ordinary  finishing  tools,  was  100'  of 
base.  The  top  mix  used  for  the 
speedier  work  was  like  thin  mortar. 
This  was  spread  between  the  forms 
by  two  men,  one  working  at  each 
end  of  a  piece  of  2  x  4  timber  which 
was  used  as  a  straightedge.  Each 
man  carried  a  plastering  trowel  in 
one  hand  and  with  this  trowel  the 
surplus  material  was  kept  constantly 
in  front  of  the  straightedge,  spread- 
ing the  mix.  The  straightedge  was 
given  a  few  sweeps  forward  and 
backward  over  the  forms  until  a  per- 
fect fill  was  assured,  then  with  a 
final  saw-like  motion  of  the  straight- 
edge the  surplus  was  swept  forward. 
.\fter  the  top  coat  had  been  placed 
on  40'  to  50'  of  walk,  the  finisher 
began  his  work  on  that  first  put 
down  and  used  a  21-in.  float,  work- 
ing the  surface  lightly  crosswise, 
just  enough  to  smooth  down  any 
rough    places    and    remove    any    air 


Cylinder  Pier 
Bidder  Foundation 

Tibbetts-Paciflc   Co $142,985 

Mesmer   &   Rice 152,790 

Penn    Bridge    Co 154,980 

Ross   Construction    Co 155,164 

Security    Construction    Co 155,950 

Tliompson    Bridge   Co 158,766 

Midland    Bridge    Co 158,868 

California  Construction  Co 159,300 


Saving  on 

.Socket  Pile 

Socket  Pile 

Foundation 

Foundation 

$134,740 

$  7,245 

137.335 

15,435 

142.400 

12,580 

139.677 

15,487 

138,450 

17.500 

143,224 

15.542 

154,258 

4,610 

135,300 

24.000 

A    Drier   "Top"    and    Long- 
Handled  Tools  Speed  Up 
wSidewalk  Finishing 

Two  things  in  the  development  of 
concrete  sidewalks  make  for  greater 
speed,  therefore,  greater  economy  in 
the  work,  in  the  experience  of  N.  A. 
Wood,  of  the  X.  A.  Wood  Const. 
Co.,  Detroit.  One  of  these  is  the 
use  of  a  top  coat  much  drier  than 
was  used  formerly  for  sidewalk 
work  and  the  other  factor  is  long- 
handled  finishing  tools. '^  It  appears, 
however,  that  success  in  using  long- 

'Abram  Cement  Tool  Co.,  Detroit 
April,  1916 


bubbles  or  close  voids  that  might 
remain  after  the  straightedge.  This 
left  the  surface  in  good  condition 
for  troweling.  Immediately  after 
using  this  float  the  edger  was  used, 
also  a  long-handled  tool.  It  was  run 
down  one  side  and  back  the  other. 
Then  the  work  was  troweled  length- 
wise. W^hile  iSIr.  Wood  admits  that 
there  is  a  vast  difference  of  opinion 
as  to  the  amount  of  troweling  which 
is  to  be  done  in  finishing  a  concrete 
walk,  he  inclines  to  the  more  modern 
view  that  less  finishing  with  the 
trowel  is  not  only  more  economical 
of  labor  but  actually  gives  better  re- 
sults. After  the  first  crosswise 
troweling  the  finisher  set  the  trowel 


at  a  proper  angle  by  means  of  the 
wing  nut  and  troweled  lightly  length- 
wise of  the  walk.  After  this  was 
done  the  joints  were  cut,  no  dividing 
plates  having  been  used,  the  cutting 
being  done  in  the  base  course  with 
a  steel  blade  4"  wide  by  16"  to  20" 
long.  This  open  joint  was  filled 
with  clean  sand,  care  being  taken  to 
fill  the  joint  entirely  full.  The  top 
dressing  flows  over  this  sand  joint 
and  immediately  after  the  first  trow- 
eling the  top  surface  joint  is  ready 
to  be  cut  at  the  point  indicated  by 
the  sand  filling.  A  straightedge  is 
placed  across  the  form  as  .a  marker 
and  a  clean  joint  is  cut.  After  re- 
moving the  straightedge  the  joint  is 
run  with  the  edger,  one  or  two 
strokes  only  being  required.  Such 
damage  as  lias  been  done  in  cutting 
the  joint  or  in  edging  is  corrected 
by  a  few  troweling  operations.  The 
surface  being  in  good  shape,  the 
rolling  is  done,  using  the  12-in.  line 
type  of  roller,  and  granite  dust  is 
applied.  On  this  work,  which  Mr. 
Wood  particularly  mentions,  where 
1 7.')  lin.  ft.  of  bottom  course  was 
run  before  any  top  mixture  was  put 
on.  it  was  found  that  the  time  re- 
quired for  the  work  from  the  start- 
ing of  the  mixer  on  "top"  until  the 
last  of  the  finishing  had  been  done 
was  just  45  mins. 


The  English  Concrete  Institute  is 
following  the  example  of  some  of  its 
sister  societies  in  this  country  and  is 
beginning  to  take  more  and  more  to 
itself  the  whole  business  relating  to 
the  principles  of  and  construction 
practice  in  reinforced  concrete.  To 
this  end  the  president  at  a  recent 
meeting  suggested  that  the  Science 
Committee  should  have  powers  to 
appoint  sub-committees  on  Cement 
Tests,  Research  and  Failures.  All 
these  subjects  were  deemed  to  be  of 
the  greatest  importance  and  the  last 
named.  Failures,  the  president  said, 
was  so  important  that  the  Institute 
should  form  a  special  committee 
whose  duty  it  would  be  to  investi- 
gate thoroughly  the  circumstances 
which  were  responsible  for  any  fail- 
ure and  a  report  should  be  prepared 
for  circulation  among  the  members 
of  the  Institute  who  would  then  be 
able  to  speak  with  certain  knowledge 
on  each  ease  and  at  the  same  time 
benefit  by  the  experience  gained  in 
such   investigations. 


Wall  forms  should  be  provided 
with  occasional  hand-holes  at  differ- 
ent levels  to  allow  inspection  before 
removing  forms. 
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New  Equipment,   Methods  and  Materials : 

New  Tools  with  Which  the  Industry  Works  □  □ 


A  Hurry-Vp  Job  Made  Nec- 
essary Record  Size  Mirers 

A  contract  for  the  construction  of 
a  large  concrete  dam  at  Salisbury, 
N.  C,  taken  recently  by  the  Hard- 
away  Contr.  Co.,  Washington,  D.  C, 
requires  the  contractor  to  pour 
60,000  cu.  yds.  of  concrete  per  mo. 
until  the  job  is  finished,  the  total 
quantity  being  about  1,000,000  cu. 
yds.  Looking  over  the  ground,  the 
contractor  found  that  four  2-yd. 
mixers  would  take  up  too  much  lat- 
eral space,  and  it  seemed  necessary 
to  have  constructed  special  mixers, 
of  4-cu.  yd.  capacity,  each  mixer  to 
have  a  capacity  of  108  cu.  ft.  of 
mixed  concrete  per  batch,  or  a  capa- 
city of  about  150  cu.  ft.  loose,  un- 
mixed material, — larger  than  any 
concrete  mixers  previously  built. 
The  contractor  arranged  with  the 
T.  L.  Smith  Co.^  to  build  tliese  spe- 
cial mixers,  and  the  two  machines 
required  have  just  been  completed — 
twice  the  sii^e  of  the  big  mixers  used 
in  the  construction  of  the  Panama 
canal.  Each  machine  is  mounted  on 
steel  skids  with  batch  hopper  sup- 
ported by  a  steel  frame.  The  mixer 
itself  is  equipped  with  power  tilts, 
further  equipped  with  Allis-Chal- 
mers"  clutch  pulley.  The  weight  of 
each  machine  is  23  tons  and  the 
mixer  drum  is  made  of  %-in.  steel. 
The  inside  diameter  of  the  drum  is 
9'  6". 


One  of  Two  .Mixers  Which  Are  the 
L.\RGEST  Mixers  Ever  Built — To  Be 
Used  ix  the  Coxstbuctiox  of  a  Dam 
AT  Salisbury,  N.  C. 


^Milwaukee 

^Allis-Chalmers  Co.,   Milwaukee 
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The  comviercial  develop- 
ment of  viachines,  tools  and 
materials,  and  the  new  methods 
ivhich  their  use  involves  have  a 
most  important  part  in  the  pro- 
gress of  the  concrete  field.  An- 
nouncements of  such  develop- 
ments, particularly  in  reference 
to  their  demonstrated  import- 
ance in  actual  practice,  are 
ivelcome.  The  Editors  will 
select  for  publication  that  ma- 
terial which  conveys  the  infor- 
mation of  most  practical  value 
to  the  Reader,  ioithout  regard 
to  other  considerations. 


Xorthwesterx  Concrete  ^Iixer 

The  'Sortlixi-estern  5-Foot 
Mi,ver 

A  low  cost  mixer  made  in  5-cu.  ft. 
and  10-cu.  ft.  sizes  has  recently  been 
developed. "^  While  this  mixer  has 
brought  out  no  radically  new  fea- 
tures a  number  of  refinements  have 
been  added  to  well  proven  principles 
of  mixer  design.  Some  of  the  points 
to  be  noted  are  the  shape  of  the 
drum,  which  eliminates  pockets;  the 
large  chilled  drum  rollers  and  thi 
standard  wagon  gauge  truck  with 
large  wheels. 

The  mixer  is  chain  driven  and  fit- 
ted with  a  3-h.  p.  engine.  A  side 
loader  is  provided  when  desired,  op- 
erated b\'  a  simple  and  powerful 
hoist. 


A  I.ath  Used  in  Sheet  Form 

The  accompanying  illustration 
shows  a  new  kind  of  lath,  called 
Buttonlath,  put  on  the  market  at 
Los  Angeles,  Cal.'^  It  is  manufac- 
tured in  solid  sheets  of  uniform  size 
and  thickness — 24"  x  32"  and  %" 
thick.  The  board  is  of  a  fibrous  com- 
position, covered  on  the  exposed  side 
with  numerous  indentations,  in  the 
center  of  each  of  which  is  set  a  hard 
composition  button.  These  buttons 
are  placed  1^2"  apart  o.  c,  number- 
ing 530  to  the  sq.  yd.  Each  is  said 
to  be  capable  of  sustaining  a  weight 
of  50  lbs. 

When  employed  for  exterior 
work,  it  is  usually  covered  with  a 
wire  netting,  of  15-ga.  and  2-in. 
mesh,  loosely  stretched  over  the  sur- 
face. This  netting  acts  as  a  rein- 
forcement for  the  stucco,  and  also 
increases  the  bonding  quality  of  the 
lath. 

Tlie  cost  of  this  material  lies  be- 
tween the  cost  of  wood  lath  and 
metal  lath  and  a  considerable  mor- 
tar and  labor  saving  is  effected. 
The  material  has  been  used  quite 
extensively  in   California. 


Buttonlath,  a  New  Stucco  Base 

'Buttonlath  Mfg.  Co.,  Los  Angeles,  Cal. 

April,  1916 
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Substantial  Porlablc  Pressed 
Steel  Buildins;s 

A  decided  advance  in  the  construc- 
tion of"  portable  buildings  has  been 
made  by  the  introductiDii  of  a  heavy 
pressed  steel  paneled  unit/  adapted 
for  contractors'  buildings  and  other 
structures  of  a  temporary  nature. 

Every  detail  has  been  carefully 
worked  out  and  the  buildings  are  ex- 


ccptionallj'  rigid  and  neat  in  appear- 
ance. They  can  be  assembled  and 
dismantled  in  a  very  short  time, 
without  the  use  of  tools  other  than 
a  hammer.  The  illustration  shows  a 
building  in  use  as  a  contractors'  of- 
fice and  storehouse. 


A  Home-Made  Portable 
Gravel  Washer 

In  view  of  the  great  interest  in 
securing  better  and  cleaner  aggre- 
gate a  portable  power  washer  used 
and  described  by  John  Franco"  is 
valuable.     He  writes: 

The  device  is  merely  a  screw  con- 
veyor set  into  a  pipe.  The  contrac- 
tor may  use  his  own  judgment  as 
to  the  size  of  the  pipe  and  conveyor 
to  be  used,  being  careful  to  make' 
the  conveyor  somewhat  smaller  in 
diameter  than  the  diameter  of  the 
inside  of  tlie  pipe  to  permit  the 
free  passage  of  the  water,  as  shown 
in  Fig.  2.  The  whole  device  should 
be  set  on  a  frame  at  an  angle  suffi- 
cient to  permit  the  water  to  run 
freely  to  the  lower  end  to  the  water 
outlet.  The  power  can  be  supplied 
from  the  engine  either  by  means  of 
gears,  as  shown  in  the  sketch,  or  by 

•Trussed  Concrete  Steel  Co.,  Voiingstown, 
Ohio 

"Contr.,  San  Francisco 


Via.  2 — Sectiov  op  Gra\t:l  Wasiieb  at 
I$-B,  Fig.  1 

a  belt  or  other  convenient  method. 
The  water  is  admitted  at  the  upper 
end,  and  the  gravel  shoveled  into  a 
hopper  at  tlie  lower  end,  as  shown 
at  Fig.  1.  B}'  revolving  the  screw 
conveyor  the  gravel  will  be  carried 
to  the  upper  end  of  tlie  pipe  and 
ejected,  after  having  been  thorough- 
ly washed.  It  might  be  necessary 
in  some  eases  to  fi.\  a  trap  of  some 
sort  at  the  lower  end  of  the  pipe  for 
the  more  convenient  removal  of  sedi- 
ment which  may  collect  there,  hav- 
ing been  carried  down  by  the  water 
after  successive  washings. 

This  device  can  also  be  used  suc- 
cessfully for  washing  sand,  with  a 
few  minor  alterations  to  suit  the 
changed  conditions. 


Xeiv  Form  Builds  Large 
X umber  of  Culvert  Sizes 

The  illustration  shows  an  adjust- 
able steel  culvert  form'  recently 
placed  on  the  market.  It  is  com- 
posed of  pressed  steel  plates  12" 
high  with  12-in.  .\  12-in.  bracketed 
corners  with  brace  angles  supporting 
the  roof.  The  set  is  adjustable  from 
2'  X  3'  to  5'  X  6',  by  units  of  12" 
in  each  direction.  Sets  are  furnished 
in  lengths  of  20',  25',  30',  35'  and 
■iO'.  These  lengths  are  made  up  by 
5-ft.  and  10- ft.  sections,  secured  by 

'Blaw  Steel  Const.  Co.,  Pittsburgh 


Hi.Aw  .Adjustable  Steel  Culvekt  Form 

rigid  slip-joint  connections.  This 
form  is  light  in  weight  and  very 
easily  assembled  and  withdrawn, 
while  the  steel  surface  gives  an  ex- 
cellent finish  to  the  work. 


Fig.  1 — Section^  of  Gra\t:i,  AVasiieb 
Note  shape  of  skids  for  hauling 
AiprU,  1916 


SUijK  Conerete  Shows 
High  Strength 

Tests  made  Dec,  1915,  and  Jan., 
1916,  at  Columbia  University,  N.  Y. 
C,  on  slag  concrete  and  trap  rock 
concrete  are  described  in  a  report 
made  to  the  National  Slag  Co.' 

The  trap  rock  was  graded  to  %", 
V-z" J  Vi"  and  dust,  and  was  artifi- 
cially combined  so  that  the  grading 
was  identical  with  that  of  the  slag, 
which  was  used  as  received. 

The  sand  used  was  "Cow  Bay," 
a  typical  Long  Island  sand,  and  the 
cement  was  a  mixture  of  three  stan- 
dard brands  of  Portland  cement. 
The  mixture  of  the  concrete  was  in 
all  cases  1 :2 :4  by  volume,  and  ma- 
chine mixed.  In  making  up  the 
complement  of  stone  for  each  batch, 
proportional  amounts  of  each  aggre- 
gate were  carefully  measured  by 
weight.  It  was  thought  that  this 
procedure  would  insure  greater  uni- 
formity in  results. 

Table  of  Ultimate  Strength  in-  Lbs.  Per  Sq. 
In.   Compression   Tests  of  8-in.   x   16-in. 
Cylind^s 
28  das.  3  mos.  6  mos.  12  raos. 

Slag   concrete    2,465     3.496     3,567     4,187 

Trap   rock   concrete. 1,975    2,961     3,053     3,537 

H  i  g  h  e  r  compressive 

strengtli    of    slag 

concrete    490       535       514       650 

%     higher    compres- 

s  i  V  e    strength    of 

slag  concrete 24.8       18.0       16.9       18.4 

Averages  given  in  the  table  are 
the  results  of  testing  four  specimens 
of  both  types  of  concrete  at  each 
period. 

Report    of    Determination    of    Modulfs    op 
Elasticitv  of  Slag  and  Trap  Rock  Con- 
crete 3  Mos.  Old 
The  specimens  tested  were  three  slag  and 
tliree  trap   rock  concrete  8-in.  x  16-in.  cylin- 
ders.     An    average    value   in    each    case   was 
taken  up  to  a  unit   load  of  650  lbs.  per  sq. 
in.  with  the  following  results: 
Slag    (modulus    of    elasticity    in    lbs. 

per  sq.   in.) 4,126,000 

Trap  rock  concrete  (modulus  of  elas- 
ticity in  lbs.  per  sq.  in.) 4,036,000 

The  average  weight  of  slag  concrete  was  140 

lbs.  per  cu.  ft. 
The    average    weight    of   trap    rock    concrete 

was   151    lbs.  per  cu.  ft. 
Slag  weighed     so  lbs.  per  cu.  ft. 
Trap  weighed  100  lbs.  per  cu.  ft. 

^Newark,  N.  J. 
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Trade  Publications      □ 


"Superior  Lock  Concrete  Stave  Silo" — 
Swan  Concrete  Stave  Silo  Co.,  Cassop- 
olis,  Mich.,  paper,  5"  x  8",  12  pp.,  illust. 
This  is  a  catalog  describing  the  equip- 
ment for  making  silo  staves,  which  is 
illustrated  in  considerable  detail. 

Kahn  Portable  Steel  Buildings  — 
Trussed  Concrete  Steel  Co.,  Youngstown, 
Ohio,  paper,  SVa"  x  11",  33  pp.,  illust. 
A  light,  portable  steel  building  of  unit 
construction  and  neat  appearance  that 
can  be  readily  assembled  and  dismantled 
and  should  find  many  applications.  Some 
of  them  are  described  in  this  publica- 
tion, which  .shows  a  new  line  of  develop- 
ment in  pressed  steel. 

Catalog  No.  8— Buffalo  Wire  Works 
Co.,  Inc.,  Buffalo,  N.  Y.,  paper,  8"  x  11", 
176  pp.,  illust.  This  large  catalog  de- 
scribes wire  specialties,  including  screens 
of  everv  size,  fencing,  architectural  wire 
and  wrought  iron  work.  It  is  a  refer- 
ence work  on  wire  products. 

How  to  Mix  Concrete  and  Mortar  in 
Zero  Weather — C.  A.  Londelius  &  Sons 
Co.,  Chicago,  folder,  31/2"  x  6V2",  6  pp., 
illust.  A  low-priced  heater  of  the  sala- 
mander type  so  arranged  as  to  deliver 
a  large,  continuous  stream  of  hot  water, 
is  a  piece  of  equipment  that  will  interest 
many  builders.  It  is  well  described  in 
this  folder. 

The  Adjustable  Feature  —  Reichert 
Jlfg.  Co.,  Milwaukee,  folder,  31/,"  x  6", 
16  pp.,  illust.  This  folder  features  a 
large  and  varied  assortment  of  silos  and 
other  round  structures  built  with  the 
same  outfit  of  Reichert  molds. 

The  Milburn  Light— The  Alex.  Mil- 
burn  Co.,  Baltimore,  Md.,  paper.  6"  x  9", 
^i  pp.,  illust.  This  catalog  shows  a  wide 
range  of  portalile  lights  for  emergencies 
and  for  night  construction.  Part  of  the 
catalog  is  also  devoted  to  oxy-acetylene 
plants  for  welding  and  cutting  steel. 

The  Medusa  Whitehouse  —  Sandusky 
Portland  Cement  Co.,  Cleveland,  16  pp. 
and  cover,  3%"  x  4%".  This  little  book- 
let sets  forththe  architectural  appeal  in 
the  use  of  Medusa  White  cement  in  con- 
nection with  concrete  house  building  and 
contains  attracti%-e  illustrations  and  in- 
teresting text. 

Improved  Monarch  Concrete  Block 
Machines— Republic  Iron  Works,  Tecum- 
seh,  M'ich..  8  pp.,  8V2"  x  II",  paper, 
illust.  Description  of  improved  block 
machine,  illustrating  face  plates,  parts 
and  machine  construction. 

The  Republic  Adjustable  Cap  and  Sill 
Mold— Republic  Iron  Works,  Tecumseh, 
Mich.,  paper,  8V0"  x  11",  4  pp.,  illust. 
The  folder  shows  the  parts  and  the  flex- 
ibility of  adjustment  of  the  mold  for 
making  concrete  dimension  stone. 

A  BuU's-Eye  Every  Time  with  the 
Profit  Boosting  Triplets— The  T.  L. 
Smith  Co.,  Milwaukee,  folder,  4"  x  4", 
94  pp.,  2  colors,  illust.  This  folder  is 
devoted  to  the  various  combinations  of 
the  Smith  M'ixerette,  a  3-cu.  ft.  batch 
mixer.  A  hoist  is  furnished  in  connec- 
tion with  the  mixer  if  desired,  making  it 
especially  desirable  for  silo  construction. 

The  Concrete  Dope  Book — The  Cement 
Tile  Machy.  Co.,  Waterloo,  la.,  paper, 
6"  X  9",  illust.  Occasionally  a  catalog 
is  published  that  is  much  more  than  a 
catalog.    While  the  purpose  of  this  book- 


let  is  to  describe  the  Wanner  line  of 
concrete  mixers,  fully  half  of  the  space 
is  devoted  to  concise  information  of 
value  to  the  concrete  worker.  Tables 
showing  the  amount  of  materials  re- 
quired for  various  kinds  of  work  and  in 
some  cases  cost  data  which  have  been 
secured  from  actual  operations  are  given. 
Numerous  little  hints  and  suggestions, 
together  with  the  information  tables, 
make  tliis  a  publication  well  worth  secur- 
ing and  preserving. 

Medusa  Waterproofing  —  Sandusky 
Portland  Cement  Co.,  Cle%'eland,  paper, 
7"  X  9",  33  pp.,  illust.  This  attractive 
pamphlet  describes  the  use  of  Medusa 
waterproofing  material  and  illustrates  a 
large  variety  of  construction  where  these 
products  have  been  used. 

More  Profits  in  Concrete  Culvert  Con- 
struction—Blaw  Steel  Form  Co.,  Pitts- 
burgh, folder,  3V,"  x  7",  13  pp.,  2  colors, 
illust.  This  folder  illustrates  and_  de- 
scribes in  concise  form  the  Blaw  adjust- 
able steel  culvert  form,  which  has  re- 
cently been  placed  on  the  market. 

The  Highest  Reinforced  Concrete 
Water  Tank  in  the  World- Blaw  Steel 
Const.  Co.,  Pittsburgh,  paper,  6"  x  9", 
13  pp.,  illust.  This  booklet  is  somewhat 
out  of  the  u.sual  run  of  sales  literature, 
being  a  reprint  of  an  article  describing 
the  construction  of  a  large  water  tower 
having  unique  features.  It  contains 
much  information  of  value  on  the  suli- 
ject  of  concrete  standpipes. 


Current  Prices  —  Con- 
crete Materials  n 


Portland  Cement — Prices  on  cement 
have  in  general  increased  slightly  dur- 
ing the  last  month.  Prices  given  are 
f.  o.  b.  cars  at  points  named,  including 
cloth  sacks,  for  which,  in  general,  40  cts. 
per  bbl.  (4  sacks)  is  refunded  on  return 
in  good  condition.  Pacific  Coast  cement 
manufacturers  now  allow  only  7%  cts. 
each  for  bags  returned  instead  of  10  cts. 
as  previously  done.  This  is  equivalent  to 
a  raise  of  10  cts.  per  bbl.  in  price. 
Prices  per  bbl.  (including  four  cloth 
sacks)  are  as  follows:  Boston,  $1.87; 
New  York,  $1.67;  Chicago.  $1.81;  Pitts- 
burgh. $1.81;  Cleveland,  1.94;  Cincin- 
nati";  $1.79;  Detroit,  .$1.90;  Indianapolis, 
$1.94;  Toledo.  $1.94;  Milwaukee,  $1.93; 
Minneapolis  and  St.  Paul,  $3.08;  Duluth, 
$1.96;  Peoria,  $1.89;  Cedar  Rapids, 
.$3.00;  Davenport,  $1.90;  Denver,  $1.87; 
Toronto,  $1.75;  Montreal,  $3.00;  Winni- 
peg. .?3.60;  Vancouver,  .$3.75;  Spokane, 
$2.35;  Seattle,  $3.30;  Portland.  Ore., 
$2.40;  Tacoma.  $2.30;  San  Francisco. 
$1.90;  Kansas  Citv,  $1.89;  Omaha,  $1.98; 
Oklahoma  City,  $2.09. 

Crushed  Sfone— 1%-in.  stone,  prices  per 
cu.  yd.,  f.o.b.  cars  in  carload  lots,  unless 
otherwise  specified.  New  York,  85  cts., 
in  full  cargo  lots  at  the  docks;  Chicago, 
85  cts.;  Winnipeg,  $3.50;  Vancouver, 
$1.50;  Spokane,  $1.00;  Portland,  Ore., 
$1.15;  Seattle,  $1.50;  San  Francisco, 
.$1.15. 

Oravel — Prices  given  are  per  cu.  yd. 
f.o.b.  cars  in  carload  lots  unless  other- 
wise noted.  New  York,  80  cts.  in  full 
cargo  lots  at  docks.  Chicago.  85  cts.; 
Winnipeg.  $1.85;  Vancouver.  $1.50;  Spo- 
kane. $1.00;  Portland,  Ore.,  85  cts.; 
Seattle,  75  cts.;  Tacoma,  75  cts.;  San 
Francisco,  1.00. 


Sand — Prices  are  per  cu.  yd.  f.  o.  b. 
cars  in  carload  lots  unless  otherwise  in- 
dicated. New  York,  45  cts.,  full  cargo 
at  docks;  Chicago,  85  cts.;  Winnipeg, 
$1.85;  Vanouver,  $1.25;  Spokane,  $1.00; 
Seattle,  75  cts.;  Portland,  Ore.,  85  cts.; 
Tacoma,  75  cts.;  San  Francisco,  $1.15. 

Reinforcing  Bars — The  difficulty  of 
placing  orders  for  bars  is  increasing 
daily  and  to  all  indications  the  time  is 
not  far  off  when  it  will  be  impossible 
to  obtain  any  large  orders  The  prices 
liere  given  are  only  approximate  since 
they  fluctuate  greatly  and  few  mills  are 
taking  business  even  at  the  figures  given. 
At  the  present  time  practically  all  busi- 
nesss  is  being  taken  on  a  basis  of  $2.75 
per  cwt.,  Pittsburgh,  with  prevailing 
extras  for  bars  under  %"  or  base,  and 
for  delivery  in  6  mos.  to  7  mos.,  except 
in  special  cases,  where  a  premium  is  paid. 
The  following  are  quotations  on  base  bars 
per  100  lbs.,  for  mill  shipments  from 
other  points,  f.  o.  b.  cars:  New  York, 
.$39.19;  Philadelphia.  .$39.09;  Chicago. 
.$39.89:  Spokane.  .$3.05;  Portland,  Ore., 
$3.70;   Seattle,  $3.70;   Tacoma,  $3.70. 

Shipments  from  stock  are  being  made 
at  the  following  prices  per  cwt.  f.  o.  b. 
New  York,  $3.95;  Buffalo.  $2.95;  Cincin- 
nati. $.3.30  to  $3.75;  Cleveland,  $3.25; 
St.  Louis,  ,$3.15;  Chicago,  $3.10;  St.  Paul, 
$.3.20;  Toronto,  .$2.50;  Spokane,  $3.95; 
Portland,  Ore.,  3.$60;  Tacoma,  3.60;  Seat- 
tle. $3.60. 

Metal  Clips  for  Supporting  Bart — 
$4.50  to  $6.50  per  1,000,  depending  on 
size. 

For  the  majority  of  the  prices  given 
we  are  indebted  to  the  Universal  Port- 
land Cement  Co.,  Concrete  Steel  Co., 
Dewey  Portland  Cement  Co.,  Ameri- 
can Sand  &  Gravel  Co.,  Chicago,  and  F. 
T.  Crowe  &  Co.,  Seattle,  Portland,  Spo- 
kane and  Tacoma. 

Reinforcing  bars  for  miU  shipments  are 
in  general  sold  on  a  Pittsburgh  basis: 
that  is,  at  the  Pittsburgh  quotation  plus 
the  freight  to  the  point  in  question,  and 
with  the  following  list  of  freight  rates 
on  finished  material  and  the  Pittsburgh 
quotation  given,  the  price  of  bars  at  any 
of  the  points  listed  can  be  readily  com- 
puted. 

From  Pittsburgh,  carloads,  per  100  lbs. 
to: 

Albany  16.9  cts. 

New   York    16.9  " 

Philadelphia     15.9  " 

Baltimore    15.4  " 

Boston    18.9  " 

Buffalo   11.6.  " 

Cleveland     ...10.5  " 

Birmingham    45  " 

Cincinnati    15.8  " 

Chicago    18.9  " 

Denver   68.6  " 

St.    Louis    93.6  " 

New    Orleans     30  " 

Minneapolis     32.9  " 

Indianapolis    17.9  " 

Kansas    City    '....43.6  " 

Omaha    43.6  " 

Pacific  Coast  Points   (Rail) 73.9  " 

Now  that  the  Panama  Canal  has  been 
opened  to  trafiic  ocean  freight  rates  on 
reinforcing  bars  to  Pacific  Coast  points 
have  been  established  which  materially 
lower  the  delivered  cost  of  bars  from  the 
east.  The  rates  per  100  lbs.  to  Pacific 
Coast  points  for  large  lots  are.  From 
Pittsburgh,  61.9  cts.;  Chicago,  76.5  cts.; 
Youngstown,  61.9  cts.;  New  York,  40 
cts.;  Bethlehem,  52.9  cts. 
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Again  tlio  Demon  ^V(K)(1  Shingle 

A  GAIN  the  wood  shingle  has  upheld  its  record 
^  as  the  greatest  single  agency  in  the  spread  of 
fire.  In  the  recent  conflagration  at  Paris,  Tex., 
Mar.  21,  the  shingle  roofs  served  as  so  many  beds 
of  kindling,  needing  only  the  wind-driven  fire- 
brand to  scatter  the  fire  far  beyond  the  reach  of 
the  fire-fighters. 

State  Fire  Marshal  S.  W.   English  says  in  his 
report: 

\  most  important  lesson  to  be  drawn  is  the  hazard  of 
tlie   shingle   roof.     Modern   history   does   not   con  ain   a 
more  perfect  example  of  the  conflagration  hazard  than 
is  present  in  every  city  or  town  where  the  shingle  roof 
is   prevalent.     The   burning  of  the   business   district  of 
Paris  was  not  due  to  a  lack  of  fire-fighters;  it  was  not 
du(    to  a  lack  of  water;  it  was  not  due  to  the  construc- 
tion  of  the  business   district   itself,   but  was   primarily 
attributable  to  the  shingle  roofs  of  the  residence  section 
of-  the   city.     The  firemen   were   not  able   to   hold    the 
blaze  to  tlie  first  building  being  burned,  for  the  reason 
that  tlie  brands  carried  bv  the  high  gale  had  set  on  tire 
buildings,   four,  five,  six  and  even   10  blocks  away   and 
in  practically  every  instance,  the  fire  started  on  the  roof 
of  the  building.     Those  in  turn,  would  send  their  burn- 
ing brands  on  the  wings  of  the  wind  to  other  buildings 
with  shingle  roofs  until  every  dwelling  on  both  the  south 
and  the  east  side  of  the  business  section  was  a  seething, 
roaring  mass  of  flames;   and,  notwithstanding  the   fact 
that  the  roofs  of  the  business  buildings  had  refused  to 
take  fire  from  the  burning  embers  that  had   fallen  upon 
them  like  a  rain  of  hail   for  some  time,  when  the  half- 
circle  of  fire  around  the  business  district   liad  closed   in, 
the  intense  heat  of  the  wood-driven  flames  and  the  fly- 
ing brands   and  coals  which  were   many   inches   deep   in 
the   streets  broke   through   the   windows   and   doors   and, 
when   once  an  entrance  was  effected,  the  doom   of  the 
business  section  was  sealed.    Had  the  roofs  of  the  dwell- 
ings in  the  path  of  the  fire  from  its  point  of  origin  to 
the   business   district    been   of   non-combustible   material, 
it   is   believed   that   the   fire   department   of   Pari';   alone 
could  have  easily  held  the  blaze  to  at  least  the  block  in 
which  it  originated. 

.\t  Nashville,  Tenn.,  the  wood  shingle  again 
enacts  the  role  of  the  villain,  for.  according  to  the 
Western  Underirr'iter: 

.\bout  500  residences  were  destroyed;  some  of  these 
were  in  the  negro  quarter  and  others  were  of  small 
value,  but  there  were  large  numbers  of  valuable  resi- 
dences that  were  con'iumcd.  One  of  the  features  of  this 
section  was  the  almost  universal  use  of  non-combustible 
roofs. 

It  appears  that  in  this  section,  where  most  of 
the  residents  had  provided  for  a  reasonable  amount 


of  protection,  the  carelessness  of  the  few  carried 
disaster  to  the  entire  neighborhood. 

No  one  who  has  witnessed  a  conflagration  can 
fail  to  realize  that  no  house  as  commonly  built  can 
withstand  the  terrific  heat  if  directly  in  the  path 
of  the  fire.  On  the  other  hand,  houses  with  fire- 
resisting  walls  and  roof  will  seldom  be  ignited  by 
brands  and  are  easily  protected.  It  is  plain  that 
during  the  progress  of  a  great  fire  one  dry  shingle 
roof  in  a  group  of  fire-resisting  houses  can  result 
in  the  destruction  of  the  entire  group.  Under 
present  conditions  the  wood  shingle  is  not  only  a 
fire  menace  but  it  is  not  economical.. 

How  the  Study  of  Roads  Has  Helped 

THE  development  of  the  concrete  road  has  done 
a  great  deal  for  other  branches  of  the  con- 
crete industry,  besides  what  has  been  accomplished 
for    taxpayers    and    humanity    in    general.      The 
problems   presented   in   road  building  were  acute 
and    their    solution    developed    information    about 
concrete  which  could  not  have  become  available  so 
soon  had  it  not  been  for  a  necessity  presented  in 
paving,    where    the    vulnerability    of   the    material 
improperly  put  down  was  a  more  serious  matter 
than  the  same  quality  under  other  conditions.     A 
road  requires  the  best  of  concrete.     In  the  early 
days  of  concrete  roads,  much  was  said  about  ex- 
pansion and  gradually  the  talk  has  turned  almost 
entirely  to  contraction.     There  has  also  been  less 
and  less  talk  of  temperature  eff'ects  and  more  and 
more  talk  of  moisture.     Now  it  gets  back  to  that 
fundamental  of  all  good  concrete — density.     The 
Bur.  of  Standards  took  measurements  to  determine 
change  of  dimension  of  concrete  on  a  test  road  on 
the  bureau  grounds  and  also  on  the  Coleman-du 
Pont  Road  at  Millsboro,  Del. 

The  results  thus  far  confirm  those  previously  obtained 
bv  the  Bureau  on  the  New  ViUage,  N.  J.,  and  Nazareth, 
Pa,  roads— that  in  the  winter  and  the  spring  there  is 
an  expansion  of  the  concrete  caused  by  increase  of 
moisture  content  and  in  the  summer  a  marked  contrac- 
tion caused  by  loss  of  moisture.  This  is  contrary  to 
the  generally "  accepted  opinion  that  concrete  expands 
most  in  mid-summer  and  least  in  winter. 

Grade  your  aggregates;  use  enough  cement;  mix 
them  thoroughly  and  long;  cure  the  product  care- 
fully.    Make  concrete  that  keeps  the  moisture  out. 


CONCRETE 


The  Workman  and  His 
Tools 

T  N  a  letter  to  this  magazine  a  con- 
^    Crete   worker   who   specializes    in 

work     requiring     the      services      of 

skilled  finishers,  says: 

A  good  carpenter  prides  himself  on 
having  a  gootl  set  of  tools,  but  the  ce- 
ment worker  tries  to  see  how  few  tools 
he  can  have  and  get  along.  If  you  show 
him  a  tool  better  than  the  one  he  uses 
he  will  tell  you  he  has  one  that  will  do. 
IVIost  cement  workmen  buy  new  tools  only 
when  forced  to  do  so. 

This  man  was  speaking  of  the 
workman,  particularly  the  cement 
finisher;  it  is  true  that,  as  compared 
with  other  trades,  the  tools  required 
by  the  cement  worker  are  few  and 
inexpensive,  but  it  is  also  true  that 
such  tools  as  he  does  use  receive  ex- 
ceptionally hard  usage.  Perhaps 
this  fact  has  made  him  reluctant  to 
own  more  tools  than  are  absolutely 
necessary. 

These  facts  naturally  lead  to  a 
consideration  of  the  concrete  con- 
tractor. How  far  is  the  same  atti- 
tude reflected  in  his  equipment?  The 
profit  in  concrete  construction  can- 
not be  made  on  the  material ;  it  must 
come  from  efficiency  in  handling  the 
work.  The  question  as  to  whether 
or  not  a  given  piece  of  equipment 
will  produce  a  profit  is  one  that  must 
often  be  settled  and  from  that  de- 
cision often  depends  the  profit  that 
will  be  taken  out  of  the  job.  Never 
in  the  history  of  the  industry  has 
there  been  available  so  great  an  ar- 
ray of  equipment  suited  to  every 
need  of  the  contractor.  If  your  work 
suggests  that  special  equipment 
might  be  made  to  turn  a  profit.  Con- 
crete will  gladly  help  to  find  it. 

Concrete  Floors  in  the  Home 

nPHE  human  race  is  in  the  main 
*  extremely  conservative.  It  has 
a  rooted  objection  to  the  exchange 
of  an  old  idea  for  a  new  one.  Part 
of  this  is  mental  lethargy.  For  in- 
stance, there  is  the  concrete  floor. 
When  it  is  fully  appreciated  how 
much  more  durable,  sanitary  and 
fire-safe  concrete  floors  are  than  a 
wood  floor,  there  will  be  more  of 
them.  When  it  is  learned  that  a 
concrete  floor  may  be  beautiful  there 
is  nothing  to  stop  its  adoption. 
Readers  of  Concrete  will  remem- 
ber what  Homer  J.  Laughlin,  Jr., 
said'  about  the  concrete  floors  in  his 
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house  in  Los  Angeles.  Irving  J. 
Gill,  the  architect  largely  respon- 
sible for  the  work,  dilates  enthusi- 
astically on  concrete  floors  in  resi- 
dences, in  an  article  in  the  Sunset 
Magazine.     He  says  in  part: 

To  overcome  the  popular  prejudice 
n<'ainst  concrete  floors  is  the  business  of 
the  architect.  There  arc  certain  definite 
conditions  to  be  observed  in  laying  con- 
crete floors.  They  are  fundamental  and 
in  their  strict  observance  lies  the  answer 
to  the  charge  of  the  physical  discomfort 
of  concrete.  After  practical  objections 
are  overcome,  attention  may  be  given  to 
esthetic    considerations. 

Concrete  floors  are  usually  laid  free 
from  the  ground,  with  a  dead  air  space 
underneath.  In  most  of  my  houses  the 
concrete  floors  are  laid  directly  on  the 
ground  (in  California)  doing  away  with 
air  circulation  under  the  floor  and  giving 
a  more  equable  temperature.  They  are 
raised  at  least  CI"  above  the  surrounding 
cround,  and  particular  attention  is  paid 
to  the  preparation  of  the  earth  bed.  Af- 
ter the  foundation  is  laid  the  ground  is 
puddled  and  tamped  until  very  firm. 
Over  the  surface  is  spread  from  4"  to 
G"  of  sand  or  sandy  loam.  Then  the  con- 
crete is  put  on.  lif  one  part  of  the  floor 
is  below  grade,  the  ground  under  it  is 
carefullv  drained,  after  which  the  layer 
of  sand"  prevents  moisture  from  coming 
through. 

The  main  body  of  rough  concrete 
should  be  reinforced  to  ^  of  1%  to  pre- 
vent cracking,  and  scored  to  give  a  l^ey 
to  the  top  co;it  and  prevent  its  loosening 
from  the  bottom.  The  finish  coat  should 
be  reinforced  with  No.  18-ga.  i{.-in.  mesh 
oalvanized  wire  to  prevent  cracking. 
'"  From  4  wks.  to  6  wks.  should  he  al- 
lowed for  concrete  floors  to  dry.  During 
this  time  there  is  a  continuous  process 
of  absorption  and  radiation  of  heat  until 
a  mean  temperature  has  been  reached, 
after  which  the  temperature  of  the  floor 
is  more  equable  than  that  of  wood. 

To  cover  a  concrete  floor  with  wood  is 
about  as  logical  as  to  cover  concrete  side- 
walks with  boards.  Everybody  who  has 
lived  on  concrete  floors  laid  according  to 
the  given  specifications  has  been  wholly 
converted  to  them  and  would  never  again 
be  bothered  with  the  care  and  trials  of 
wood  floors.  It  is  not.  of  course,  ex- 
pected that  concrete  floors  should  be  left 
bare.  Thev  should  be  partly  covered 
with  russ,  the  same  as  a  polished  wood 
floor.  Incidentally,  when  properly  laid, 
waxed  and  polished,  cement  floors  are 
ideal  for  dancing. 

AVhen  troweled  and  finished  to  a  gloss, 
concrete  floors  do  not  mar  or  scratch. 
Thev  should  not  be  scored  or  marked  off 
into"  squares  or  designs.  The  natural 
crazinc  of  the  top  coat  is  far  more  pleas- 
ing-. I  have  found  no  cement  floor  paint 
that  produces  a  good  effect.  The  hard, 
monotonous  flat  colors  are  unpleasing, 
the  paint  soon  wears  off  and  shows  the 
cement.  Instead  of  using  paint,  I  mix 
color  with  the  cement,  usually  tones  of 
red  and  vellow.  red  and  brown  or  yellow 
and  brown  slightly  mottled.  Tempered 
by  the  grav  of  the  cement,  these  colors 
p'roduce^neiitral  tones  that  are  a  splendid 
background  for  rugs  and  furniture. 
When  quite  dry,  the  cement  should  be 
cleaned  with  a"  weak  solution  of  am- 
monia and  water,  given  two  coats  of 
Chinese  nut  oil  to  bring  out  the  color, 
then  finished  with  a  filler  and  waxed  like 
hardwood.  Well  done,  this  treatment 
sives  an  effect  of  old  Spanish  leather. 


It  is  quite  as  impossible  to  tell  how 
to  lay  and  finish  a  concrete  floor  to  bring 
out  all  its  potential  beauty  as  it  is  to 
give  exact  rules  for  painting  a  picture. 
Specifications  and  instructions  carry  one 
just  so  far,  but  beyond  that  point  each 
builder  must  study  out  the  problem  for 
himself.  It  takes"  the  knack  or  the  in- 
spiration or  the  gift — whatever  its  name 
— that  differentiates  craftsmanship  from 
mere  mechanical  perfection,  that  raises 
the  artist  above  the  artisan,  to  make  a 
concrete  floor  the  thing  of  beauty  it  can 
and   should  be. 

Before  it  has  set,  cement  is  a  wonder- 
fuUv  plastic  material,  more  wonderful 
than  clay.  It  can  be  colored,  modeled, 
shaded  and  surfaced,  and  then  of  itself 
hardens  into  an  overlasting  expression  of 
the  workman. 

The  protest  against  ordinary  concrete 
floors  is  the  unconscious  demand  for  the 
thing  well  done.  At  heart  we  are  never 
satisfied  with  any  work  that  is  not  done 
right,  and  concrete  floors  will  not  come 
into  their  own  until  architect  and  work- 
man   study    them    as    an   art. 

The  cement  floors  in  the  home  of 
Homer  Laughlin,  in  Los  Angeles,  fore- 
cast the  possibilities  of  the  future. 
Sprawling  there,  his  soul  in  his  work, 
with  great  sweeps  of  his  trowel  an  artist 
wrought  in  that  plastic,  responsive  mate- 
rial, blending  the  colors  marvelously  in 
the  broad  central  spaces,  coaxing  them  to 
a  rare  harmony  of  tone  and  exquisite  fin- 
ish, and  around  the  outer  edges  he  carved 
in  low  relief  the  lines  of  acanthus  and 
other  simple  conventionalized  leaf  forms. 
In  the  entrance  hall,  with  big,  free 
strokes  he  limned  the  feather-like  fronds 
of  a  palm,  using  his  color  with  consum- 
mate skill  and  an  artist's  feeling.  The 
appeal  of  this  most  modern  manifesta- 
tion of  ceramic  art  is  far  more  subtle 
than  that  of  the  mosiacs,  which  were  the 
acme  of  floor-making  among  the  Greeks 
and  Romans,  and  it  has  the  singular  ad- 
vantage of  being  within  reach  of  beauty 
lovers  of  moderate  means. 

Concrete  floors  are  cheaper  than  wood 
for  the  first  story;  they  are  enduring, 
they  require  a  minimum  of  care,  they  are 
comfortable  and  healthful  %vhen  laid 
right,  and  they  can  be  more  beautiful 
than   any  other  floor. 
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In  the  presidential  address  before 
the  English  Concrete  Institute, 
Henry  Adams  takes  exception  to 
some  of  the  statements  of  R.  S. 
Greenman  in  reference  to  concrete 
failures  made  at  the  annual  meeting 
of  the  Am.  Soc.  for  Test.  Mat.  at 
Atlantic  City,  N.  J.,  last  year.  He 
says,  in  commenting  upon  Mr. 
Greenman's  remarks: 

The  best  way  to  have  the  engineering 
profession  strengthened  is  to  prevent  in- 
ferior or  bad  engineering  work,  and  the 
best  way  to  accomplish  this  is  to  tell 
freely  what  proves  successful  and  what 
proves  unsuccessful,  so  that  everybody 
mav  profit,  so  far  as  in  him  lies,  by  the 
knowledge  of  all.  Xo  engineer  will  lose 
standing  among  his  colleagues  or  be 
ranked  any  less  competent  by  business 
men  for  "frankly  putting  on  record  a 
statement  of  his"  non-successes.  On  the 
contrary,  he  will  receive  the  approbation 
of  all  "thinking  men,  for  he  will  warn 
others  away  from  a  repetition  of  his  un- 
successful "work,  which  is  a  most  desir- 
able thing. 
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Methods  and  Cost  of  Constructing  a  60-in. 
Reinforced  Concrete  Sewer 


The  September,  1915,  issue  of 
Concrete  published  data  on  the 
cost  of  constructing  a  42-in.  and  a 
J^S-in.  concrete  storm  sewer  in  San 
Antonio,  Tex.  Following  is  a  de- 
scription of  the  construction  of  a  60- 
in.  reinforced  concrete  sanitary  sewer 
bi/  the  same  company  a  few  months 
later  in  the  same  city.  A  comparison 
of  the  sketches  shows  similar  design 
of  the  sections  except  where  the 
sewer  here  described  is  laid  over 
filled  ground.  In  this  case  the  bot- 
tom i.s  increased  in  thickness  and 
extra  reinforcing  steel  is  added  so 
that  the  barrel  acts  as  a  beam  be- 
tween piers  which  go  down  to  solid 
earth.  It  is  believed  that  the  follow- 
ing data  will  be  of  interest  in  af- 
fording a  comparison  of  costs  on  two 
jobs  which  are  similar  and  which 
were  handled  in  practically  the  same 
manner. 


By  E.  W.  Roiuxsox,  C.  E.' 


CONSTRUCTION    METHODS 

Owing  to  insufficint  right-of-way, 
brush  and  other  obstacles  it  was  de- 
cided at  the  outset  to  place  the  mixer 
and  all  material  for  concrete,  except 
cement,  on  the  crown  of  the  embank- 
ment over  the  existing  sewer.  This 
was  advantageous  in  placing  tlie  con- 
crete as  it  could  all  be  chuted  into 
place,  whereas  if  the  mixer  had  been 
placed  on  either  side  it  would  have 
been  necessary  to  wheel  all  concrete 
up  an  incline  to  get  it  into  the  forms. 
The  worst  trouble  with  the  method 
adopted  came  from  insufficient  room 


sides  every  time  a  wagon  turned  off 
the  dump  or  drove  over  piles 
where  more  than  two  loads  had  been 
placed  together.  Even  witli  this 
extra  care  and  expense  one  or  the 
other  of  the  aggregates  would  run 
short  occasionally  and  considerable 
was  wasted. 

Water  for  the  concrete  was  se- 
cured from  T's  in  a  iM-in.  line 
laid  along  the  toe  of  the  slope  of 
existing  embankment  on  the  opposite 
side  from  the  new  sewer.  These 
were  placed  about  80'  apart  and  a 
50-ft.  section  of  hose  or  pipe  was  all 


The  60-in.  sewer  here  described  is 
approximately   1,300'   long,    in    two 
sections,   one  on   either   side   of  the 
San  Antonio  River,  in  San  Antonio, 
Tex.     This  line  is  part  of  the  main 
outfall  sanitary    sewer    for    a    large 
part  of  the  city.     Where  the  sewer 
crosses  the  river  and  the  ground  is 
subject  to  overflow  it  is  to  consist  of 
a    riveted    steel    pipe    supported    on 
concrete  piers.     The  longer  section, 
about  1,000'.  is  on  the  north  side  of 
the  river  and  connects  the  steel  pipe 
line   with  a  vitrified  clay  segmental 
block  line.     On  the  south  side  of  the 
river    the    remaining    300'    connects 
the  steel  pipe  line  with  the  VS-in.  re- 
inforced concrete    main    outfall   for 
the    whole    city.      On    this    side    the 
whole  length  is  below  the  surface  of 
the  ground,  while  on  the  north  side 
part    of    the    sever    is    exposed    the 
whole  distance,  varying  from  a  few 
inches    of   the    crown    down    to    the 
springing  line.     About  300'  next  to 
the  steel  pipe  line  is  entirely  off  of 
the  original    ground    surface,    as  is 
shown   in   Fig.    1.  which   also   shows 
the  relation  of  the  new  sewer  to  the 
existing  36-in.  brick  sewer. 

"Chf.  Engr.,  McKenzie  Const.  Co.,  San  An- 
tonio, Tex. 

Matj,  1916 


Fig.  1 — Di.vdRA.-M  ok  Locatiok  of  Sewer 

for  placing  the  jiroper  amount  of 
aggregate  and  for  wheeling  to  the 
mixer  skip,  as  the  crown  averaged 
only  about  6'  wide  at  the  top  of  the 
emijankment.  To  place  sufficient 
gravel  and  crushed  stone  to  make 
10.2  cu.  ft.  of  concrete  per  lin.  ft. 
of  sewer  meant  that  the  piles  had  to 
be  about  as  close  together  and  as 
high  as  was  possible  to  make  it  stick 
on  so  narrow  a  width  when  unload- 
ing with  bottom-dump  wagons.  Also, 
from  the  fact  that  the  material  piles 
were  so  high  and  close  together  it 
was  difficult  to  bring  additional  quan- 
tities of  either  aggregate  to  the  mixer 
when  they  happened  to  run  short, 
and  care  was  taken  to  get  the  stone 
and  the  gravel  apportioned  as  close- 
ly as  possible  to  exactly  what  was 
needed. 

Both  gravel  and  stone  were  haul- 
ed by  sub-contract  so  it  was  neces- 
sary to  keep  one  or  two  men  on  the 
emijankment  all  the  time  cars  were 
being  unloaded  to  see  that  all 
wagons  were  filled  evenly  and  that 
the  proper  number  of  loads  were 
dumped  in  each  place.  These  men 
also  kept  the  slopes  cleaned  of  ma- 
terial that    was    knocked    down  the 


that  was  necessary  to  connect  with 
the  mixer.     At  first  a   good  quality 
of  rubber-lined  cotton  hose  was  used 
but  the  excessive  water-hammer  from 
sudden   opening   and  closing  of  the 
throttle  valve  at  the  mixer  soon  de- 
stroyed  it.      The   next   method   em- 
ployed was  to  run  the  pipe  line  with- 
in a  few  feet  of  the  mixer  and  con- 
nect up  with  a  short  piece  of  steam 
hose,  but  this  soon  gave  way,  espe- 
cially at  the  connections.    The  meth- 
od finally  chosen  to  avoid  wasted  wa- 
ter   and"   a    wet    place    to    work    in 
around  the  mixer  was  to  connect  the 
pipe  direct  to  the  mixer,  which  was 
done    although    it    cost   much    more 
than  the  other  methods.     The  same 
trouble  was   experienced  on  the  job 
described    in    the    Sept.,    1915,    is- 
sue, but  in  a  lesser  degree.    On  that 
job    the    pressure    was    directly    the 
cause  of  the  trouble  as  the  mixer  was 
always   within   100'   or   so  of   a  fire 
hydrant    to     which     connection    was 
niade.     On  the  present  job  the  pres- 
sure was    lower    and    the  excessive 
water-hammer    was    caused    by    the 
valve  opening  at  the  mixer  being  the 
same  size  as  the  whole  2,000'  of  pipe 
line. 
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On  this  job  it  was  necessary  to 
use  outside  forms  because  so  much  of 
the  concrete  was  above  the  surface 
of  the  ground.  One  section  about 
30"  wide  and  14'  long  was  used  on 
each  side  of  the  sewer.  They  were 
made  of  1-in.  x  4-in.  flooring  nailed 
to  2-in.  ribs  cut  to  proper  curvature 
and  spaced  4'  o.  c.  These  forms 
were  held  in  place  by  braces  nailed 
to  stakes  driven  in  the  ground  far 
enough  from  the  sewer  to  keep  from 
caving  the  banks. 

As  shown  in  Figs.  2  and  3,  where 
the  sewer  was  off  of  the  original  un- 
disturbed ground  the  bottom  con- 
crete was  increased  in  thickness  by 
1"  and  extra  steel  added  to  produce 
a  beam  effect  between  piers.  The 
piers  were  spaced  10'  o.  c.  along  the 
axis  of  the  sewer,  and  were  6'  wide, 
12"  thick  and  not  reinforced.  They 
went  down  to  a  depth  of  at  least  2' 
below  the  original  ground  surface.  . 
After  the  excavation  had  been  finish- 
ed to  proper  cross-section  and  grade 
for  the  barrel  of  the  sewer  the  pier 
holes  were  excavated  to  neat  size  and 
filled  with  concrete  to  1"  above  sub- 
grade,  thus  dispensing  with  forms. 
The  1-in.  projection  served  as  a  sup- 
port for  the  %-in.  bars.  The  rest 
of  the  sewer  was  poured  as  a  mono- 
lith as  described  in  the  previous  ar- 
ticle. 

COSTS 

The  average  rate  per  hr.  paid  was 
about  $.23,  being  $.22  and  $.25  per 
hr.  for  all  but  two  men  and  the  fore- 
man on  the  job.  The  man  who  ran 
the  mixer  and  looked  after  changing 
the  pipe  line,  etc.,  was  paid  $.45  per 
hr.  and  the  leader  setting  forms  was 
paid  $.30  per  hr.  One  gang  did  all 
the  work  and  19  men  and  a  foreman 
would  under  average  conditions  pour 
320'  of  concrete  per  wk.  of  6  work- 
ing das.  The  whole  of  the  fore- 
noons and  part  of  the  afternoons 
were  taken  up  with  excavation,  set- 
ting forms  and  moving  mixer,  and 
the  rest  of  the  afternoons  were  spent 
pouring  the  concrete.  The  same 
kind  of  steel  forms  was  used  on  this 
job  as  on  the  other,  except  that  they 
were  made  of  heavier  material  to 
make  them  more  rigid  under  in- 
creased size.  In  this  case  they  could 
not  be  held  down  by  trench  jacks  as 
before,  so  they  were  weighted  by 
means  of  sacks  of  earth  on  the  in- 
side. A  steel  channel  track  in  20-ft. 
sections,  resting  on  the  rings  of  the 
forms,  and  a  small  push-car  were 
used  to  transfer  the  sacks  back  and 
forth.  This  method  worked  fairly 
well,  and  where  the  sewer  is  large 
enough  to  enable  the  men  to  work 
comfortably  and  where  the  trench 
does  not  have  to  be  braced  to  keep 
it  from  caving  it  is  believed  that  the 
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Fig.  2 — Sectiox  of  60-is.  Saxitart 

Sewer 

Fig.  3 — Longitudikal  Section  ix  Made 

Grouxd 

inside  method  is  the  cheaper  and 
more   satisfactory. 

Excavation  was  all  done  by  hand 
and  the  actual  cost  for  same  was 
$.326  per  cu.  yd.  There  was  an 
average  of  about  .85  cu.  yd.  per  lin. 
ft.  of  sewer. 

The  actual  cost  of  getting  outside 
and  inside  forms  and  placing  wire 
mesh  reinforcing  after  it  had  been 
tied  was  $.138  per  lin.  ft.  of  sewer. 

The  actual  cost  of  mixing  and 
placing  concrete  was  $1,018  per  cu. 
yd.,  and  there  were  .38  cu.  yds.  per 
lin.  ft.  of  sewer  proper.  This  in- 
cludes all  cost  of  moving  mixer,  pipe 
lines  and  runways,  and  also  all 
cleaning  up  and  rearranging  piles  of 
gravel  and  crushed  stone.  The  cost 
of  moving  mixer,  pipe  line  and  run- 
ways alone  was  $.236  per  cu.  yd. 

The  main  reinforcement  was  4-in. 
X  8-in.  mesh  of  No.  0  and  No.  5 
wires,  respectively,  of  Clinton  elec- 
tric weld  wire  mesh."  This  weighed 
0.9194  lbs.  per  sq.  ft.  and  was  bent 
and  tied  as  described  in  previous  ar- 
ticle. The  cost  of  bending  and  ty- 
ing was  $6.10  per  ton.  The  reason 
for  the  increase  in  cost  of  $1.56  per 
ton  over  that  on  the  other  job  was 
due  to  there  being  such  a  small 
amount  and  to  the  fact  the  men  were 
new  at  the  work.  They  barely  got 
organized  well  before  bending  was 
all  done.  It  is  true  that  the  wires 
were  somewhat  heavier  and  harder 
to  bend,  but  the  increased  weight  ob- 
tained from  each  sheet  bent  should 
more  than  offset  this. 

Tlinton  Wire  Cloth  Co.,  Clinton,   Mass. 


Separate  cost  of  the  labor  expend- 
ed on  making  a  perfect  finish  inside 
the  sewer  barrel  showed  that  this 
item  amounted  to  $.06  per  lin.  ft.  of 
sewer.  On  the  other  job  this  was 
considered  as  a  part  of  placing  con- 
crete, and  the  reason  why  it  was 
separated  on  this  work  was  because 
this  line  was  a  sanitary  sewer  with 
a  grade  of  only  .08  of  1%  and  it 
was  expected  that  the  cost  would  run 
much  higher  than  it  did. 

SUMM.iRY 

This  work  was  done  by  the  same 
foreman  with  practically  the  same 
gang  and  equipment  that  did  the 
other  work,  and  the  writer  considers 
that  the  costs  check  remarkably  well. 
The  lower  cost  of  excavation  and 
setting  forms  was  due  partially  to 
less  depth  below  ground  surface. 
The  whole  of  the  reduction  in  mix- 
ing and  placing  concrete,  as  well  as 
part  of  the  reductions  on  excavation 
and  forms,  was  due  both  to  a  slight- 
ly lower  wage  paid  and  to  better  or- 
ganization. The  latter  was  secured 
bv  using  a  small  gang  and  so  ar- 
ranging the  work  that  every  opera- 
tion was  constantly  under  the  super- 
vision of  the  foreman.  The  writer 
believes  that  in  a  great  many  in- 
stances work  costs  more  than  it 
should  because  the  management  ex- 
pects a  foreman  to  superintend  more 
men  than  he  can  efficiently  handle, 
especially  if  they  are  scattered  con- 
siderably. The  laborer  is  exceptional 
indeed  who  will  do  as  much  or  as 
good  work  with  the  foreman  a  block 
away  as  he  will  if  the  foreman  be 
nearer,  even  though  it  appears  that 
he  is  putting  forth  the  proper  ef- 
fort. 


Whenever  anyone  writes  or  talks 
about  cement,  the  first  starting  point 
is  always  Rome  and  the  cement  that 
the  Romans  made  which  stands  for 
all  that  there  is  of  permanence  and 
durability.  Rome  and  the  Romans, 
however,  have  not  been  standing 
still  in  all  these  days  in  the  develop- 
ment in  the  use  of  concrete  and  ac- 
cording to  a  booklet  recently  issued 
by  L.  Luiggi.  Prof,  of  hydraulic 
construction  at  the  University  of 
Rome  and  Inspector-General  of  the 
Royal  Italian  Engineers,  the  Corso 
Victor  Emanuel  in  Rome,  one  of  the 
most  important  highways  of  that 
city,  is  covered  with  concrete  made 
of  "soliditit"  cement  which  wears 
like  an  immense  slab  of  granite  and 
that  other  concrete  roads  are  being 
made  with  the  special  cement,  "giv- 
ing extraordinary  hardness  to  the 
concrete  and  imparting  resistance  to 
wear  equal  to  granite." 
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Fig.  1 — CoNcuiiTE  IlotiE  WITH  Pre-Cast  Walls  at  Hollywood,  Cal. 

Fig.  2 — Interior,  Showixc.  Concrete  and  Tile  Fioeplace 

Note  the  sanitary  finish  of  door  and  window  openings  and  absence  of  wood  trim 


A  Concrete  House  w  ith  Pre-Cast  Walls 


Fig.  3 — For.m   I<fai>s    run   (  (inckete 
Fig.   4 — Ready  to    Kaise    a    Wall   Sec- 
tion 

Fig.  5 — Three  Stages  or  Coxstructios 
.\t  the  left  a  wall  is  in  position.  At  the 
right  the  wall  has  just  reached  its  place, 
while  in  the  foreground  a  form  is  ready 
to  receive  the  wall 
Fig.  6 — Wali.s  Ready  to  Piaster 


Early  in  the  history  of  concrete 
construciion.  Col.  Aiken,  U.  S. 
Army,  devised  a  system  of  casting 
the  walls  of  buildings  in  a  horizon- 
tal position  and  raising  them  with 
special  equipment.  Xumerous  build- 
ings were  erected,  notably  at  army 
posts,  but  the  system  was  not  widely 
used.  Recent  developments  indicate 
increasing  interest  in  the  possibili- 
ties of  this  plan,  one  of  which  was 
recently  described.^ 

In  the  construction  of  a  concrete 
house  at  Hollywood,  Cal.,  the  walls 
were  pre-cast  in  a  horizontal  posi- 
tion and  raised  by  motor-driven 
jacks.  The  house  was  designed  by 
Irving  J.  Gill-  and  erected  under  his 
supervision. 

After  the  foundation  for  the 
house  had  set  the  floor  slab  was  laid 
and  on  this  jacks  for  the  erection  of 
the  walls  were  placed,  which  are  well 


'Concrete,  Jan.,  1916, 
'Archt..  San  Diego,  Cal 
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shown  by  Figs.  3  and  7.  Twelve 
feet  of  floor  space  from  the  wall  to 
be  erected  was  required  in  which  to 
place  the  jacks,  on  which  tilting 
tables,  built  of  2-in.  x  6-in.  rough 
plank,  were  laid  over  steel  walking 
beams.  The  number  of  jacks  used 
and  the  spacing  of  tliem  depended 
on  the  weight  and  size  of  the  wall 
to  be  supported. 

Door  and  window  openings  were 
laid  out,  the  metal  jambs  set  in  place 
and  the  remaining  surface  of  the 
wall  form  covered  with  hollow  tile 
spaced  for  reinforced  concrete  beams 
to  give  proper  stiffness ;  twisted  steel 
rods  were  then  placed  vertically  and 
horizontally  and  the  wall  was  ready 
to  be  poured.  Concrete  was  wheeled 
up  an  incline,  dumped,  leveled  off 
and  allowed  to  set.  The  upper  sur- 
face (the  outside  of  the  wall)  was 
finished  in  its  tilted  position  before 
being  raised. 

The  power  for  erection  was  ob- 
tained from  a  5-h.  p.  gasoline  en- 
gine and  transmitted  to  the  jacks  by 
a  shaft  through  their  pedestals.     A 


Fig.   7 — -Raising   Equipjient 
Fig.  S — Metal  Window  Frame 
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Fig.  9 — Detail  of  Metal  Door  FRAnrE 


worm  gear  mechanism  extended  all 
jacks  at  exactly  the  same  rate. 

From  14  hr.  to  2  hrs.  was  re- 
quired to  raise  each  wall,  the  time 
depending  on  the  weight,  shape  and 
position  of  the  wall. 

Horizontal  rods  left  projecting 
from  the  ends  of  the  walls  were 
bound  together  after  two  adjacent 
walls  had  been  raised  to  an  upright 
position.  A  form  2'  wide  was  built 
up  the  entire  height  of  the  wall  and 
into  this  concrete  was  poured,  pro- 
ducing a  concrete  and  hollow  tile 
shell  reinforced  with  twisted  steel 
bars. 

COXSTRUCTION    DETAILS 

Roof  joists  are  held  in  place  by 
anchors  for  which  provision  had 
been  made  in  the  concrete  wall  and 
]-in.  X  6-in.  sheathing  covered  by  a 
gravel  composition  was  used  for  the 
roofing.      Interior   partitions    are   of 


metal  lath  on  wood  studding  and  the 
rough  concrete  floor  slab  has  been 
covered  by  a  finish  coat  reinforced 
with  wire  cloth. 

Special  metal  door  and  window 
frames^  were  used  manufactured 
from  No.  22  ga.  galvanized  iron  bent 
to  shape  and  provided  with  perfor- 
ated flanges  through  which  the  con- 
crete forms  a  key.  Tlie  plastering 
finishes  flush  to  the  corners  of  the 
frames  which  act  as  a  corner  bead 
for  both  exterior  and  interior  wall 
surfaces.  Each  side  of  the  frame  is 
bent  from  one  piece  of  metal  so 
there  is  no  danger  from  cracks. 

Sanitation  and  fireproofing  are  the 
features  of  the  finish  as  well  as  the 
structural  details.  There  are  no 
moldings  or  panels  on  the  doors,  sim- 
]ily  plain  slab  surfaces  easily  cleaned 
or  dusted,  while  the  absence  of  base- 
boards, ceiling  beams,  plate  rails, 
door  and  window  casings  and  picture 
molding  makes  the  house  as  nearly 
dirt  proof  as  is  possible. 

The  experience  gained  in  the  con- 
struction of  this  house  indicates  that 
it  has  possibilities  for  economy  that 
will    recommend    its   more   extended 
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Fig.  10 — First  Axn  Secoxd  Floor  Plans 
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Bomb-Proof  Cellars  to  Pro- 
vide Shelter  During 
Aerial  Attacks. 

Bomb-proof  shelters  .  have  been 
constructed  in  German  towns  as  out- 
lined in  the  following  translation  of 
an  article  from  a  German  publica- 
tion.^ This  description  of  how  any 
ordinary  basement  room  with  con- 
crete slab  ceiling  can  be  reinforced 
to  resist  aerial  bombs  is  especially 
interesting  from  the  engineer's 
standpoint  in  that  it  gives  some  idea 
of  the  important  part  concrete  plays 
in  modern  warefare. 

Recently  the  attacks  of  aviators  on 
ojien  and  fortified  towns  on  the  western 
front  hare  become  decidedly  more  fre- 
quent. This  is  evidenced  hy  the  last  air 
attacks  on  Saarbrucken.  Saarlouis,  Metz, 
Diedenhfifen,  Freihurar,  Stiittsart,  Karls- 
ruhe .ind  Ludwigshafen.  Several  towns, 
especially  such  as  have  extensive  indus- 
trial works,  have  endeavored  to  sound 
the  warninjr  of  approaching  air  fleets, 
whcih  are  often  romposed  of  15  to  20 
aeroplanes,  by  means  of  the  steam  or 
electric  sirens  of  the  large  factories. 
The  inhabitants  thereupon  hasten  to  the 
cellar  rooms  of  the  nearhv  houses,  where 
they  remain  until  the  attack  is  over. 

All  such  cellar  rooms  cannot  be  con- 
sidered bomb-proof.  This  is  especially 
true  of  thin  reinforced  concrete  slabs  of 
from  13  cm.  to  15  cm.  (5"  to  6")  thick 
and  cellar  roofs  in  one-story  buildings 
nhich  are  easily  broken  through  by  heavy 
bombs     dropped     from     great     heights. 

'Patent  applied  for.  Irving  J.  Gill 
^Bftumaferialie7i-M(irkt,     Leipzig.     Nov.     26, 


Detail  of  Bomb-Proof  Floor 

When  one  considers  that  enemy  aviators 
in  order  to  protect  themselves  against 
defense  guns  keep  at  a  high  elevation — 
often  from  3,000  m.  to  4,000  m.  (10,000' 
to  13,000') — and  further  that,  especially 
in  sunny  weather,  an  aeroplane  is  prac- 
tically invisible  because  of  the  sunshine 
and  can  be  discovered  by  the  eye  only 
after  a  long  search,  then  only  can  the 
momentum  of  an  aerial  bomb  and  the 
unexpectedness  of  it  be  appreciated, 
against  which  only  a  bomb-proof  room 
will  protect.  For  this  reason  it  has  been 
suggested  to  cover  at  least  one  cellar 
roof  of  a  house  with  one  or  more  layers 
of  sand  bags  to  protect  the  room  below 
against  bombs  and  their  destructive  ac- 
tion. Then  again  in  some  cases  it  has 
been  suggested  that  bags  be  placed  on 
flat  roofs  or  on  the  cellar  beams  of 
steep  roofs.  In  both  cases  a  continuous 
load  of  sandbags  will  cause  trouble,  and 
also  the  fact  should  not  be  lost  sight  of 
that  such  a  covering  is  not  an  absolute 
preventative  of  damage. 

A  bomb-proof  room  can  be  fitted  up 
in  another  manner  by  strengthening  the 
floor  over  an  especially  suitable  cellar 
room,  from  below.  In  the  more  modern 
apartments  and  residences  the  thickness 
of  slabs  over  the  basements,  incl.  of 
flooring,  ranges  from  90  cm.  to  30  cm. 
(8"  to  12").  If  a  reinforcing  slab  about 
40  cm.  (16")  thick  is  placed  under  the 
original  slab  so  that  the  total  thickness 
is  at  least  2',  a  reasonable  degree  of 
protection  will  be  insured  to  the  persons 
taking  refuge  thereunder.  This  rein- 
forcing slab  can  be  put  in  without  dam- 
age to  the  existing  slab  in  the  following 
manner:  Steel  I-beams  9"  to  10"  deep 
should  be  placed  in  the  direction  of  the 
load-carrying  span  of  the  existing  slab 
in  such  a  manner  as  to  leave  a  space  of 
from  15  cm.  to  20  cm.  (5"  to  6")  be- 
tween the  under  side  of  the  existing  slab 
and  the  top  flange  of  the  beams.  The 
spacing  of  the  beams  should  not  be 
greater  than  40  cm.  (16"),  for  the  closer 
the  spacing  the  better  will  the  purpose 
be  fulfilled.  By  building  a  wooden  form 
under  the  beams  or  by  placing  steel 
plates  on  the  lower  flanges  the  space 
iietween  two  beams  can  be  filled  with 
plain  concrete,  every  succeeding  beam 
being  laid  only  after  the  space  between 
the  two  preceding  beams  has  been  con- 
creted. 

The  expense  of  such  a  construction 
should  not  exceed  $2.50  to  $3.00  per 
sq.  m.  (0.94  sq.  yd.),  or  a  total  of  $40 
to  $60   for  a  fair  sized  basement  room. 


Columbia  University  will  here- 
after confer  the  degree  of  Master  of 
Science  upon  graduate  engineering 
students  who  complete  the  course  in 
Highway  Engineering.  Between 
1911  and  1915  the  students  have 
been  candidates  for  the  degree  of 
^Master  of  Arts. 
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Stairs  Cast  in  Separate  Units  for  Boston 
Transit  Commission 

By  \V.  B.  Conaxt 


The  construction  of  concrete  stair- 
ways for  subway  stations  in  Boston 
has'    been     greatly     facilitated,     and 
costs  {ireatly  reduced,  by  casting  the 
stairs  in  separate  units  at  the  stock 
yards,    and    erecting   tliem    in    place 
where  required.     The  Boston  Tran- 
sit Commission,  which  has  in  charge 
the  building  of  tunnels  and  subways 
in   that  city   for  rapid  transit  lines, 
maintains  'a  yard   at  C  and  Cypher 
Sts.,  South   Boston,  where   reinforc- 
'  ing    rods,    waterproofing    materials, 
cement,   structural   steel,   sewer   and 
grouting    pipes,    etc.,    arc    kept    on 
hand  in  quantities  and   furnished  to 
the   contractors.      The   Commission's 
own    employees,    however,    cast    the 
stairs    and   other   structures   used   in 
finishing  the  tunnels,  this  work  being 
in  charge  of  Asst.   Engr.   Philip  B. 
Walker.      An    average    force    of    56 
laborers  and  two  crane  operators  is 
employed  at  the  yards. 

Under  the  former  system  of  stair- 
way construction,  a  form  had  to  be 
erected  for  each  flight,  and  in  re- 
moving the  form  much  of  the  lum- 
ber was  destroyed.  Consequently 
the  plan  was  worked  out  to  cast  each 
stair  as  a  unit,  a  reinforced  tread 
and  riser  being  cast  together,  one  or 
more  units  making  up  the  full  widtli 
of  the  stairway.  The  units  are 
mostly  in  8-ft. '  lengths,  this  being 
the  typical  single  .stairway  width, 
while  double  stairways  take  two 
lengths,  there  being  a  railing  to  se))- 
arate  them.  Practically  all  the  stair- 
ways in  the  Washington  St.  station 
of  the  Dorchester  Tunnel  have  been 
cast  in  this  way,  and  a  few  were 
used  in  the  earlier  Boylston  St.  sub- 
way. 

One  difficulty  of  casting  the  stairs 
monolithic  was  the  difficulty  of  get- 
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ting  the  concrete  tight  against  the 
iron  base  plate  or  tread,  which  caps 
each  stair.  In  hardening,  the  con- 
crete receded  slightly  from  the  un- 
der side  of  the  plate  and  when 
walked  upon  the  stairs  gave  the  ef- 
fect of  being  hollow. 

The  new  plan  of  casting  is  as  fol- 
lows: A  cypress  form  of  sufficient 
length  to  carry  two  8-ft.  lengths  is 


used  to  give  the  face  of  riser  and 
tread;  i.  e.,  the  stair  is  cast  in  an 
inverted  position.  The  base  plate, 
7"  wide  by  %"  thick,  to  which  a 
corrugated  "safety  tread"  is  at- 
tached, is  laid  face  down  on  the 
form.  Reinforcement  consisting  of 
l/^-in.  deformed  bars,  as  indicated 
in  an  .accompanying  illustration,  are 
placed  in  position;  lateral  rods  bent 
to  conform  with  the  elbow  of  the 
unit  are  spaced  at  about  2-ft.  6-in. 
intervals  in  the  length  and  wired  to 
the  longitudinal  rods,  the  reinforc- 
ing being  cast  %"  f^o"^  *^"^  °^^^' 
surface. 

End  bulkheads  are  set  in  position 
and  over  these  is  placed  the  form 
for  the  back  and  the  under  side  of 
the  unit.  This  is  screwed  to  the 
bulkheads. 

Then  the  form  is  filled  with  a 
mixture  consisting  of  1  part  New- 
burvport  sand,  1  part  cement,  1  part 
stone  dust,  \i"  diam.  and  finer,  and 
i:>  lb.  lampblack,  the  materials  be- 
ing measured  by  volume.  Standard 
stairs  are  of  7-in.  riser  and  U-in- 
tread,  with  tread  II/2"  thick  and 
riser    1^4"  thick. 

As  the  concrete  sets,  the  form  is 
carefully  troweled  off  to  a  finished 
surface,  it  being  necessary  to  get  an 
absolutely  uniform  thickness. 

The  unit  is  allowed  about  24  hrs. 
to  set;  then  the  front  form  is  re- 
moved and  the  riser  finished.  After 
one  more  day,  the  unit  is  turned 
over  and  the  tread  finished.  Each 
stair  is  allowed  to  cure  at  least  one 
week. 

Preliminary  to  erecting,  a  flight 
of  concrete  stringers  is  east  against 
either  wall,  and  for  a  wide  stairway 
another  stringer  in  the  middle,  each 
8"  to  12"  wide.     The  practice  is  to 
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Fig.  S — Reinforced  Concrete  Vexti- 
LATOB   Openikgs 


snap  a  chalk  line  on  either  wall  for 
a  nosing  line,  and  to  set  each  unit 
to  this,  beginning  with  the  bottom 
stair.  Units  are  laid  in  a  1 :1 :1  mor- 
tar and  where  conditions  make  it 
necessary  the  spaces  under  the  stairs 
are  grouted  with  a  similar  mix 
through  holes  1%"  in  diam.  cast  in 
the  treads  by  means  of  pipe  sections. 
Otherwise,  if  the  space  beneath  the 
stairs  is  accessible,  the  space  is  con- 
creted from  below. 

All  external  stairs,  leading  to  the 
street  and  exposed  to  the  weather, 
are  cast  with  a  gutter  along  the  back 
surface  of  the  riser,  1%"  wide  and 
Yo"  deep,  pitching  to  either  end, 
whence  it  leads  to  the  front  edge 
of  the  stair.  These  gutters  provide 
a  means  of  draining  the  drip  from 
shoes  and  umbrellas,  and  lead  to  a 
drain  at  the  landing  or  foot  of  the 
stairway. 

Units  are  hauled  an  average  of 
about  II4  mi.  to -the  work,  it  being 
found  that  with  the  adequate  rein- 
forcement provided,  no  injury  is 
suflPered  in  transportation.  Each 
stair  weighs  300  lbs.  to  350  lbs.  and 
can  be  handled  by  two  men. 

The  cost  of  casting  the  units,  ex- 
clusive of  the  base  plate  and  tread, 
and  delivering  them  to  the  work,  is 
found  to  be  about  50  cts.  per  lin.  ft. 
This  is  33%  to  50%  cheaper  than 
constructing  the  stairways  on  the 
job.  In  addition,  the  Transit  Com- 
mission's force  casts  reinforced  ven- 
tilators, drain  and  hatch  covers. 
Specimens  of  ventilator  openings, 
one  with  brass  wire  grill,  are  shown 
in  an  accompanying  illustration. 

The  design  of  the  new  type  of 
stair  construction  was  worked  out  bv 
L.  B.  Manley,  asst.  engr.  to  the 
Commission. 


It  is  a  generally  accepted  fact 
that  rich  cement  mortar  will  bond  to 
a  concrete  surface  provided  the  sur- 
face is  cleaned  and  the  aggregate 
exposed.  When  joining  surfaces  in 
compression  the  old  surface  should 
be  cleaned,  roughened  and  wetted. 
When  joining  surfaces  in  tension  the 
wet  and  rough  surface  should  be 
coated  with  rich  mortar  before  new 
concrete  is   placed. 


Method  of  Handling  a  Con- 
crete Job 

To  show  briefly  the  intricacy  to 
which  it  is  necessary  to  go  to  get 
economical  results  in  concrete  build- 
ing construction,  Leonard  C.  Wason, 
C.  E.,  pres.,  Aberthaw  Constr.  Co., 
Boston,  in  an  address  before  the 
Natl.  Assn.  of  Cotton  Mfrs.  told  how 
a  builder  in  reinforced  concrete  after 
long  study,  has  settled  upon  a  type 
of  form  which  long  experience  has 
shown  the  men  can  build  quickly  and 
economically.    He  says: 

Plans  of  the  forms  are  made  to  fit  the 
particular  buildins.  with  as  much  pre- 
cision as  structural  steel  is  laid  out  in  a 
bridge  shop.  Panels  for  columns  and 
beams  are  drawn  out,  showing  the  num- 
ber, width  of  boards,  the  number  of 
cleats,  the  position  and  even  the  size  and 
number  of  nails.  The  first  use  is  located 
and  the  second  use,  when  taken  down,  is 
planned  from  place  to  place  through  the 
building,  until  finally  it  reaches  the  stor- 
age pile  for  removal  from  the  site  of  the 
finished  structure.  From  these  plans  the 
bill  of  material  is  scheduled,  and  when 
received  the  material  is  put  in  piles  pre- 
arranged, and  shown  on  a  ground  plan 
of  the  lot. 

A  routing  department  is  established 
and  the  materials  are  moved  by  written 
orders  and  taken  to  the  saw-mill,  where 
they  are  cut  according  to  written  in- 
structions and  moved  to  benches.  Here 
they  are  made  up  from  blue  prints  and 
are  from  there  taken  by  instruction  to 
the  building,  where  the  experienced  car- 
penter foreman,  who  is  now  given  free- 
dom to  do  only  that  for  which  he  is  espe- 
cially trained,  namely,  directing  his  men, 
sees  that  the  men  assemble  the  work  in 
place  with  the  fewest  possible  motions 
and  least  effort.  This  seems  and  is  elab- 
orate, but  the  results  are  what  count. 

Although  lumber  has  doubled  in  price 
in  the  last  15  yrs.,  the  cost  of  lumber 
per  sq.  ft.  of  floors  has  not  increased; 
and  although  labor  has  practically 
doubled  in  price  in  15  yrs.,  the  cost  per 
sq.  ft.  of  floors,  including  all  the  over- 
head of  making  plans,  running  a  routing 
department,  etc.,  is  less  than  half  of  what 
it  used  to  be.  This  applies  as  well  to 
reinforcing  metal  as  to  forms,  and  some- 
what to  the  placing  of  concrete.  The 
greatest  savings  are  obtained  where  the 
men  work  in  small  units,  in  pairs,  as  do 
carpenters,  rather  than  in  the  large  units 
necessary  in  mixing  and  placing  con- 
crete. 

It  has  been  supposed  that  laying  brick 
has  been  so  well  established  that  few  if 
any  savings  could  be  made  upon  it.  But 
by  a  study  of  methods  for  the  past  year 
or  two,  and  the  application  of  the  prin- 
ciples of  scientific  management  and  some- 
what those  of  the  task  and  bonus  sys- 
tem, the  cost  of  brickwork  has  been  re- 
duced several  dollars  per  M.  without  the 
slightest  sacrifice  in  quality.  This  gives 
the  very  great  advantage  of  planning  the 
work  to  be  done  at  a  certain  speed  and 
place,  and  enables  all  the  other  trades 
and  sub-contractors  to  co-ordinate  their 
work  to  a  definite  schedule,  thus  saving 
in  time  and  expense. 

Cost-Keeping  System  in  Concrete  Work 
— An  accurate  and  detailed  cost-keeping 
system  is  installed  on  the  job,  and  daily 
costs  are  prepared  for  the  use  of  the  job 
superintendent.    Before  9  e.  m.  each  day. 


he  has  the  complete  record  of  yester- 
day's costs,  and  immediately  goes  upon 
the  work  to  straighten  out"  the  cost  of 
those  items  which  may  be  high.  Ciiarts 
are  placed  on  the  wall,  where  at  a  glance 
it  is  seen  whether  the  actual  work  is 
running  above  or  below  that  which  it  was 
estimated  that  it  should  cost  before  the 
work  started. 

The  sub-foremen  and  gang  bosses  take 
a  keen  interest  in  watching  these,  which 
leads  them  to  think  and  work  for  low 
costs.  The  general  superintendent  en- 
courages them  in  this,  and  insists  that 
there  shall  be  no  sacrifice  of  quality  to 
obtain  these  results.  These  methods  "have 
been  amply  justified.  A  dollar  spent  in 
the  drafting  room  or  cost-accounting  de- 
partment has  saved  many  dollars  out- 
side, and  the  combination  of  the  direct 
and  the  indirect  cost  is  much  lower  than 
it  used  to  be.  This  precision  also  saves 
in  the  time  of  construction. 

Speed  of  Building  in  Concrete — Assume 
the  very  common  case  in  which  a  manu- 
facturer delays  an  increase  until  the 
last  moment,  then  wants  his  mill  in  the 
shortest  possible  time.  Frequently,  or- 
ders for  a  mill  are  placed  before  a  single 
plan  is  made  for  the  building.  In  a 
week's  time  a  mechanical  plant  is  col- 
lected, the  general  plans  of  the  building 
are  laid  out,  the  details  of  the  footings 
and  foundations  completed,  the  general 
method  of  operation  studied  out,  and 
a  time  study  of  operations  made  as  far 
as  sweeping  out  the  finished  building. 
Material  is  scheduled  and  ordered  to  be 
delivered  in  a  pre-arranged  order  and  at 
times  as  wanted,  and  in  a  week  from  re- 
ceipt of  order  the  organization  starts  on 
the  ground. 

In  general,  a  four-story  mill  requires 
from  3  wks.  to  4  wks.  for  foundation 
work;  the  frame  will  be  erected  at  the 
rate  of  a  story  a  week,  and  in  from  4 
wks.  to  6  wks.  from  the  casting  of  the 
roof  the  job  will  be  finished  and  deliv- 
ered. Thus  the  whole  undertaking  can 
be  put  through  economically  in  4  mos. 
as  a  general  average.  If  greater  speed 
is  required  it  can  be  made  at  the  sacri- 
fice of  economy.  Within  a  few  months 
the  writer  has  erected  one  four-story  and 
basement  mill  for  occupancy  in  62  das., 
and  another,  under  more  trying  circum- 
stances in  midwinter,  in  77  das.  The 
ground  area  of  the  building  has  little 
influence  on  the  time  of  construction. 
This  is  governed  by  the  height,  as  one 
operation  must  follow  another  in  height; 
while  on  plan  it  is  a  question  of  one 
mixing  plant  or  two  or  more,  and  of 
the  number  of  men  to  operate  them 
properlv. 


A  new  objection  to  the  concrete 
road,  one  which  was  recently  raised 
by  a  Delaware  farmer,  is  that  the 
tractive  resistance  on  such  a  high- 
way is  so  low  that  the  wagon  will 
move  faster  than  the  horses.  In 
driving  onto  a  concrete  highway  from 
the  ordinary  sand  road,  which  is 
prevalent  down  Delaware-way,  the 
farmer's  wagon  ran  onto  the  horse, 
causing  the  animal  to  kick  out  the 
dashboard  and  break  a  basket  of 
eggs.  Whether  he  will  sue  the  horse, 
the  highway  commissioner  or  the 
manufacturer  of  the  concrete  road 
for  his  damage  is  not  yet  known. 
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Costs  ill   the   Manufacture   of  Concrete 
Drain  Tile 


Bv  Charles  E.  Sims^ 


This  (li.sciissi()ii  of  costs  in 
concrete  drain  tile  manufac- 
ture is  1)1/  a  vian  tvho  has  his 
oicn  experience  to  back  up  his 
figures.  Thci/  are  not  "doped 
out"  but  are  records  of  ivhat 
teas  actuaUn  done.  Such  cost 
information  is  of  the  greatest 
value  to  other  manufacturers 
— not  as  an  i  n  d  e  p  e  n  dent 
guide,  but  as  a  basis  for  com- 
parison, tcith  a  careful  auali/- 
sis  of  the  costs  in  each  indi- 
vidual  factory. 


A  certain  factor}'  where  concrete 
drain  tile  have  been  manufactured 
for  a  number  of  years  has  kept  close 
tab  on  the  cost  of  the  various  sizes 
of  tile.  As  it  is  evident  that  well 
made  concrete  tile  are  being  manu- 
factured in  very  larjjc  quantities  in 
Iowa  and  .idjacrnt  states.  tl)e  |)ubli- 
cation  of  dttailed  costs  will  work  no 
liarm  to  individual  manufacturers 
now  that  the  industry  has  become 
firmly  established.  Let  no  manufac- 
turer think  tliat  rival  business  inter- 
ests do  not  know  enough  of  his  busi- 
ness to  estimate  his  costs  closelj-. 
Good  may  result  from  the  publica- 
tion of  such  data  if  they  serve  to 
guide  investors  in  concrete  pipe  ma- 
chinery to  a  proper  understanding 
of  the  cost  of  manufacture,  or,  if  it 
serves  to  guide  purchasers  of  tile  in 
a  proper  discrimination  against  bids 
too  low  for  a  good  quality  of  prod- 
uct. 

The  cost  of  concrete  tile  will  be 
figured  on  the  basis  of  sand  costing 
60  cts.  a  ton  delivered  to  the  ma- 
chinery in  the  factory — a  conveyor; 
cement  costing  $l.fi6  per  bbl..  sacks 
deducted,  delivered  in  the  factory; 
and  labor  costing  .$2.25  per  10-hr. 
day — the  average  per  man.  The 
cost  of  the  plant  and  site  will  be 
taken  as  $25,000,  since  it  has  been 
found  necessary  to  invest  such  a  sum 
in  most  factories  fitted  to  make  tile 
of  all  sizes,  o-m.  to  48-in.,  by  ma- 
chinery. Such  a  plant  conveys  the 
raw  material  by  belt-conveyors,  ele- 
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vators  or  other  mechanical  device ; 
screens  the  sand  and  crushes  the 
coarser  gravel ;  mixes  the  cement  and 
sand  by  a  power-driven  mixer ;  de- 
livers the  mixed  and  wetted  concrete 
to  the  several  machines  making  the 
different  sizes  of  tile;  has  at  least 
one  machine  for  small  tile  and  one 
for  large  tile;  has  large  curing 
rooms  with  some  svstem  of  carting 
tlie  tile  from  the  machines  to  the 
rooms ;  operates  a  steam  boiler  for 
power  and  for  curing  the  tile  with 
steam ;  has  a  system  of  watering  the 
tile  while  curing;  and  lias  other  fea- 
tures of  a  pcrmaiunt  cliaracter.  As- 
suming the  life  of  sucli  a  plant  as 
10  yrs.  the  factory  would  have  to  pay 
off  $2,500  per  annum  on  the  invest- 
ment. In  view  of  the  fact  that  the 
plant  may  be  used  after  it  has  ceased 
making  tile  in  quantities  for  years, 
and,  that  if  not  so  used  the  maehin- 
erv  may  have  a  substantial  value  for 
removal  to  another  location,  let  us 
assume  that  in  10  yrs.  the  factory 
must  jiay  off  but  $20,000  or  .$2,000 
per  annum,  as  an  average  figure.  We 
uuist  further  assimie  that  the  plant 
will  run  a  certain  number  of  days 
each  vear — a  matter  difficult  if  not 
impossible  to  predetermine  in  any 
location,  but  let  us  assume  250  days. 
Then  the  fixed  charges  from  this 
source  must  be  $8.00  per  da.  The 
upkeep  of  the  plant  and  its  machin- 
ery will  be  not  less  than  $5.00  per 
da.  operated ;  taxes  and  insurance 
.$2.50  per  da.;  fuel  .and  oil  $5.00  per 
da. ;  steam  boiler  engineer's  wages 
$1.00;  interest  on  a  working  capital 
of  $30,000 — a  fluctuating  quantity — 
say  $8.00  per  da.;  discounts,  adver- 
tising, office  expenses,  including 
traveling  expenses,  but  no  salaries, — 
assume  $5.00  per  da.  Xow  we  have 
the  basis  for  figuring  the  cost  of 
manufacturing  pipe  per  1,000  ft.,  or 
per  ton  as  is  often  done,  at  the  fac- 
tory, yarded. 

The  plant  especially  referred  to 
operates  or  should  in  the  interests  of 
economy  have  operated  a  tile  ma- 
chine having  a  capacity  of  4"  to  16" 
diameter  and  a  machine  of  another 
type  having  a  capacity  of  14"  to 
48"  diameter  tile,  both  at  the  same 
time.  The  table  below  gives  in  de- 
tail the  cost  of  cement  tile  in  the 
factory  yard,  leaving  to  come  out  of 
the  profits  the  salary  or  salaries  of 


the  management  and  unforeseen  ex- 
penses, such  as  poor  accounts,  such 
as  any  like  business  is  subject  to.     . 

Most  of  the  concrete  tile  factories 
operating  in  the  Mississippi  Valley 
today  have  grown  from  small,  exper- 
imental concerns  —  grown,  or, 
through  inability  to  grow  when  sti- 
fled by  tlie  keen  competition,  and  by 
tlie  necessity  of  public  ditches  to 
furnish  tile  of  all  sizes  in  large 
quantities — and  growth  through  such 
a  period  has  not  been  easy.  The 
writer  built  a  factory  to  care  for  the 
demand  in  the  county  and  immediate 
vicinity  when  machinery  was  a  very 
uncertain  factor  instead  of  a  de- 
pendable feature  as  the  guarantee  on 
it  indicated  to  Iiis  inexperienced 
mind,  and  had  to  meet  the  newly 
formed  demand  a  year  or  two  later 
from  organized  districts  for  larger 
tile,  larger  quantities  and  better 
quality,  by  adding  to  the  plant  and 
to  its  equipment.  Todaj-,  the  in- 
vestor in  a  tile  factory  should  know 
that  machinery  dependable  for  the 
purpose  intended  is  purchasable. 
He  should  know  that  the  nature  of 
the  selling  end  is  fixed  by  a  limited 
local  trade  in  small  sizes  for  lateral 
lines  and  by  the  necessity  for  bid- 
ding on  publicly  let  jobs  embracing 
the  furnishing  of  tile,  and,  very 
often,  the  bid  must  include  hauling 
and  transporting  the  tile  from  the 
factory  to  the  ditch,  together  with 
the  labor  of  digging  the  trenches, 
laying  the  tile  and  filling  the  ditches. 

The  cost  of  transporting  tile  by 
team  and  wagon  is  often  figured  at 
50  cts.  per  ton  for  the  first  mile 
hauled  and  25  cts.  per  ton  per  mile 
after  the  first  mile.  If  delivery  is 
possible  over  favorable  roads  trucks 
mav  be  used  rather  than  teams  and 
delivery  made  at  less  cost  on  long 
hauls  but  the  roads  and  fields  are 
often  so  soft  during  the  time  of 
hauling  drain  tile  that  teams  are  ne- 
cessary. Experienced  haulers  hav- 
ing tile  to  haul  which  have  attained 
half  or  more  of  their  ultimate 
strength  need  break  few  tile.  In 
shipping  concrete  tile  by  rail  the 
smaller  sizes  must  be  loaded  in  cars 
with  sides  and  loading  the  tile  from 
the  curing  yard  to  the  car  by  means 
of  wheelbarrows,  industrial  car  and 
track,  or  horse  and  cart  costs  from 
50  cts.  per  ton  on  the  smallest  sizes 
to  35  cts.  on  the  larger  sizes — 10-in. 
and  12-in. 

Sizes  larger  than  those  mentioned 
are  usually  loaded  lengthwise,  tier 
on  tier  in  pyramidal  form,  on  flat 
cars  at  a  cost  (where  the  loading 
track  is  depressed  and  the  tile  rolled 
from  a  convenient  yard)  of  12  cts. 
to  20  cts.  per  ton — the  larger  the  tile 
the  less  the  cost.     To  these  last  cost 
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figures  must  be  added  the  expense 
of  furnishing  lumber  such  as  a  4" 
X  4"  lengthwise  on  each  side  of  the 
car  to  keep  the  tile  from  rolling  off. 
The  freight  charges  must  be  deter- 
mined from  the  published  tariffs 
and  to  these  should  be  added  as  part 
of  the  expense  of  shipment  an  al- 
lowance for  breakage.  That  allow- 
ance will  vary  with  the  distance 
shipped,  the  number  of  transfers 
and  the  time  of  the  year.  The  time 
of  year  governs  to  a  certain  extent 
the  duration  and  therefore  the  ex- 
pense in  curing  unless  they  have 
been  made  long  before  shipment.  A 
manufacturer  can  almost  eliminate 
this  allowance  if  he  does  not  have 
to  rush  shipments.  Reinforced  tile 
of  sizes  24"  and  larger  are  common 
now  and  breakage  in  shipping  and 
hauling  such  tile  is  almost  negli- 
gible if  they  have  been  well  cured. 
A  variable  in  the  cost  of  drain  tile 
has  been  due  in  the  past  to  varia- 
tions in  the  proportions  of  cement 
and  sand.  One  manufacturer  deemed 
1 :4  a  satisfactory  mixture,  some,  I 
believe,  made  tile  much  leaner  than 
that  in  the  beginning;  another 
thought  1  iSYo  was  good  enough,  but 
today  they  are  practically  agreed 
that  1  part  cement  and  S  parts  sand 
are  necessary.  The  old  idea  that 
drain  tile  should  be  made  of  porous 
material  has  passed  and  materials 
so  proportioned  as  to  give  a  dense 
concrete  are  required,  hence  the 
adoption  of  1 :3  as  a  basis.  Large 
tile  have  walls  thick  enough  to  make 
the  use  of  crushed  rock  permissible 
and  advisable;  in  this  case  some  of 
this  material  is  added  to  the  cement 
and  sand,  thus  reducing  the  cost.    In 


the   table  of   cost  no   allowance   has 
been  made  for  this. 

In  the  factory  described  from 
whose  operations  the  costs  were  de- 
rived, the  tile  5"  to  l6"  are,  or 
should  be,  made  by  a  machine  oper- 
ating with  a  revolving  and  upward- 
traveling  "packerhead."  a  method  of 
operation  which  presses  the  damp 
concrete  outward  against  a  steel 
mold  and  which  at  the  same  time 
trowels  the  inside  surface  of  the  tile. 
These  tile  are  mostly  used  for  lat- 
erals and  should  be  made  in  short 
lengths — 12"  to  18".  The  larger 
sizes  are  made  in  2-ft.  or  3-ft. 
lengths  with  a  machine  which  tamps 
the  concrete  by  rapidly  delivered 
blows  of  two  mechanical  tampers  to 
which  the  concrete  is  fed  in  a  reg- 
ular stream  as  the  steel  molds,  for 
the  inside  and  for  the  outside  of  the 
tile,  revolve.  The  larger  sizes  must 
be  reinforced  with  wire  if  the  tile 
are  to  go  into  deep  trenches  and  a 
system  has  been  devised  for  this 
which  is  well  known  and  the  cost 
data  given  cover  the  reinforcement 
as  ordinarily  used. 


Concrete  Failures 

An  English  writer  on  concrete 
failures  refers  to  R.  S.  Greenman's 
paper  which  was  read  in  this  coun- 
try some  time  ago  and,  differing 
with  that  writer's  experience  as  to 
the  small  number  of  failures,  he 
goes  on  to  give  his  own  experience 
on  the  subject.  In  so  doing  he 
states : 

Of  four  fnilurc;  in  Scotland  which 
have  come  under  my  notice,  the  follow- 
ins  have  heen   the  reasons: 


1.  Concrete  Bins — Bad  design,  bad 
workmanship  being  a  contributary  cause. 
3.  Concrete  Roof — ^Bad  design.  3.  Con- 
crete Tank — Bad  design,  bad  workman- 
ship a  contributary  cause.  4.  Concrete 
Roof — Carelessness  and  want  of  proper 
supervision,  centering  drawn  too  soon. 

Mr.  Greenman  does  not  seem  to  have 
struck  any  bad  design,  and  this  seems  to 
me  most  remarkable,  as  my  firm  finds 
itself  very  frequently  competing  against 
designs  which,  on  examination,  show  the 
margin  of  safety  to  be  1%  to  2. 

Some  of  those  low  margins  are  due  to 
want  of  appreciation  of  the  fundamen- 
tal principles  of  engineering,  some  to 
systematic  skinning  of  quantities,  and 
others  to  an  unfortunate  combination  of 
both  those  faults. 

The  writer  strikes  the  key-note  of 
many  of  the  difficulties  that  were 
met  in  the  early  days  of  concrete 
construction  in  this  country.  Rap- 
idly, however,  owing  to  the  co-op- 
eration of  the  various  engineering 
Associations  in  the  committee  on 
Concrete  and  Reinforced  Con- 
crete and  owing  to  the  recognition 
oi'  proper  principles  and  proper  re- 
sponsibilities, Mr.  Greenman's  expe- 
rience as  to  the  few  failures  due  to 
bad  design  has  been  justified  in 
American  practice.  It  must  not  be 
forgotten  that  while  France  and 
England  were  practically  ahead  of 
us  in  the  pioneering  of  concrete  and 
reinforced  concrete  construction,  the 
fact  remains  that  when  American 
engineers  and  contractors  took  up 
the  subject  they  made  rapid  prog- 
ress and.  owing  to  the  enormous  de- 
velopment of  the  art  proper,  rules 
and  regulations  early  became  neces- 
sary, and  to  this  much  of  the  safety 
in  concrete  construction  in  America 
is  now  due. 


Manufacti- 

nixG  Costs  ( 

5F  Cement 

Drain  Tile 

Inside 

Feet 

No  men 

Labor 
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Bbls.  of 

Cost  of 

Tons 

Cost 

Fixed 

Cost  of  tile 

diam. 
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emploved 

cost 

of  tile 

cement 

cement 
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of  sand 

charpe 
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Cost  per 

Cost 

of  tile 

per  da. 

at  plant 

per  da. 

per  ft.,  lbs. 

per  da. 

per  da. 

required 

per  da. 

per  da. 

per  da. 

M.  ft. 

per  ton 

5 

4,000 

9 

$21.00 

10% 

26.5 

$  44.00 

15 

t  9.00 

$14.00 

$   88.00 

$22.00 

$14.20 

6 

4,000 

9 

21.00 

13 

32.5 

54.00 

2914 

17.70 

23.00 

148.00 

41.00 

3.60 

8 

3,600 

9 

21.00 

28 

52 

86.30 

13H 

11.00 

14.00 

100.00 

25.00 

3.85 

10 

.1,000 

10 

23.25 

34 

61 

101.20 

35 

21.00 

37.50 

173.00 

57.70 

3.40 

12 

2,400 

10 

23.25 

45 

67.5 

112.00 

38  V. 

23.10 

33.00 

191.35 

79.80 

3.55 

14 

1,800  . 

10 

23.25 

57 

64.5 

107.10 

37 

22.20 

27.50 

180.05 

100.00 

3.50 

15 

L.-iOO 

10 

23.25 

70 

65M! 

108.75 

37>i. 

22.50 

33.00 

187.50 

125.00 

3.60 

16 

1,200 

10 

23.25 

85 

64 

106.25 

37 

22.20 

37.50 

189.20 

137.70 

3.90 

IS 

000 

10 

23.25 

112 

63 

104.65 

36 

21.60 

37.50 

187.00 

207.80 

4.10 

20 

800 

10 

23.25 

125 

61 

101.30 

36 

21.60 

37.50 

183.65 

229.60 

3.70 

22 

600 

10 

23.25 

190 

70 

116.20 

41 

24.60 

37.50 

201.55 

336.00 

3.60 

24 

520 

10 

23.25 

215 

70 

116.20 

41 

24.60 

37.50 

201.55 

388.00 

3.60 

26 

430 

10 

23.25 

240 

64 

106.25 

37 

22.20 

37.50 

189.20 

440.00 

3.70 

28 

360 

10 

23.25 

270 

61 

101.30 

36 

21.60 

37.50 

183.65 

510.00 

3.80 

30 

330 

10 

23.25 

300 

64 

101.30 

37 

21.20 

37.50 

189.15 

573.29 

3.80 

32 

300 

11 

25.50 

350 

64 

101.30 

37 

21.20 

37.50 

191.40 

638.00 

3.80 

34 

270 

12 

27.-5 

410 

70 

116.20 

41 

24.60 

37.50 

206.05 

763.00 

3.70 

36 

252 

12 

27.75 

470 

74 

122.85 

43  H 

26.20 

37.50 

214.20 

850.50 

3.60 

89 

£25 

12 

27.75 

545 

127.80 

45 

27.0-' 

37.50 

220.05 

998.00 

3.60 

42 

190 

12 

27.75 

635 

75 

124.50 

44 

26.40 

37.50 

216.15 

1,138.00 

3.60 

48 

144 

13 

30.00 

635 

75 

124.50 

44 

26.40 

37.50 

216.15 

1.500.00 

3.60 

In  computing  the  table  of  costs  a  deduction  of  5%  was  made  from  the  cured  weight  of  the  tile  as  given  to  obtain  the  weight  of  the 
dry  cement  and  sand.  A  deduction  of  8%  would  be  more  nearly  right  but  it  would  not  be  conservative  to  use  this  figure.  The  table 
shows  the  fixed  charse  applied  to  the  smaller  sizes  of  tile  at  less  than  the  daily  fixed  charge  of  the  whole  plant  and  this  was  done  for  the 
reason  that  the  smaller  sizes  are  usually  made  while  larger  sizes  are  being  made,  and,  further,  the  competition  of  the  clay  product  on  the 
smaller  sizes  is  keen,  so  that  some  such  adjustment  must  be  met.  The  wall  thickness  of  the.  5"  to  20"  was  tivken  .as  l/12th  the  inside 
diam.,  the  22"  and  larger  were  figured  as  1/lOth.  Sizes  larger  than  22"  often,  if  not  usually,  require  reinforcement,  which  adds  SO  cts. 
to  $1.50  per  ton  to  their  cost  of  manufacture.  To  the  latxjr  cost  75  cts.  was  added  to  the  $2.25  average  wage  to  care  for  a  foreman. 
The  production  given  is  based  on  averages  of  several  contracts  and,  of  course,  would  not  be  attainable  for  a  few  days'  operation.  .\dd 
to  the  above  costs  the  expense  of  management,  costs  of  bonds  where  such  are  required,  a  fe\v  per  cent  for  rejections  on  the  ditch,  loading 
and  transportation  charges  and  the  profits. 
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Pia.  1 — General  View  Siiowikg  the   1,4-70-ft.   Keinforced  Concrete   Arch    Briix;e   Across  the   Arroyo  Seco,  Near  Pasadena, 
Cai. 

The  white  bridge  stands  out  in  bold  relief  against  the  green  background. 


Arroyo  Seco  Reinforced  Concrete  Bridge 
Near  Pasadena,   Cal. 


By  Charles  Alma  Bvers' 


Since  concrete  has  conic  to  be  so 
•extensively  used  for  this  purpose, 
•bridge  building  has  developed  into  a 
Teal  art.  No  longer  is  a  bridge  con- 
structed to  serve  its  utilitarian  pur- 
pose alone ;  it  is  realized  that  it  pos- 
sesses certain  possibilities  for  becom- 
ing a  decoration  to  the  landscape, 
and  these  possibilities  are  invariably 
made  use  of.  The  modern  bridge 
'builder  must  be  not  only  a  construc- 
tion engineer  but  also  an  artist.  And 
at  the  same  time  he  must  not  sacrifice 
■stability  for  art,  for  bridges  must 
today  be  every  bit  as  strong  as  they 
■ever  were,  if  not  stronger. 

An  excellent  specimen  of  the  mod- 
ern bridge  builder's  art  is  seen  in  the 
mammoth  concrete  bridge  completed 
a  short  time  ago  near  Pasadena,  Cal. 
This  bridge,  shown  in  Figs.  1,  2  and 
3,  spans  the  beautiful  Arroyo  Seco, 
and  is  in  close  proximity  to  a  number 
of  fashionable  residences.  In  fact, 
it  provides  the  outlet  for  one  of  this 
wealthy  little  city's  principal  resi- 
dence streets,  and  connects  with  a 
much  traveled  boulevard  leading  into 
the  city  of  Los  Angeles.  Only  a 
short  distance  from  one  end  of  it  is 
also  located  one  of  southern  Califor- 
nia's most  popular  country  clubs,  and 
for  these  and  other  reasons  this 
bridge  is  indeed  much  used  by  auto- 
mobilists.  The  Arroyo  Seco  is  ex- 
tremely picturesque,  and  therefore 
there  was  every  reason  for  designing 
the  bridge  that  should  span  it  so  as 
to  form  an  artistic  embellishment  to 
the  natural  beauty  of  the  locality. 

Some  idea  of  this  charming  sett- 
ing and  how  admirably  this  bridge  is 
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fitted  into  it  may  be  gained  from  the 
accompanying  ilusi rations.  The  Ar- 
rovo  Seco  is  at  this  point  nearly 
1.500'  wide,  but  only  a  comparative- 
ly small  portion  of  this  width  is  or- 
dinarily occupied  by  the  bed  of  the 
wet-weather  stream  which  traverses 
it.  The  remainder  is  a  wilderness  of 
trees,  here  and  there  cleared  to  pro- 
vide plots  for  bungalows  and  gar- 
dens. The  bridge  reaches  across  it 
in  a  slight  curve  downstream  and  its 
roadway  is  elev.ated  about  160'  above 
the  lowest  point  of  tlie  depression.  It 
is  constructed  entirely  of  reinforced 
concrete,  and  the  almost  pure  M'hite 
structure,  with  its  graceful  lines, 
stands  out  in  bold  and  charming  re- 
lief against  the  green  background 
(see  Fig.  1). 

The  natural  foundation  of  the 
piers  is  uncommonly  good.  The  val- 
ley spanned,  throughout  most  of  the 
width,  is  of  a  conglomerate  formation 
of  boulders  and  gravel,  affording  ex- 
cellent  foundations   at   small   depths 


below  the  surface.  Adjacent  to  the 
bed  of  the  stream  the  piers  rest  on 
solid  rock. 

DESIGN   FEATURES 

The  bridge  consists  of  a  series  of 
arches,  and  has  a  total  length  of 
1,470',  of  which  about  800'  is  on  a 
curve,  and  the  remainder  on  a  tan- 
gent. There  are  six  spans  of  113' 
each,  two  of  151'  6"  and  one  of  223' 
c.  to  c.  of  piers,  besides  six  small  gir- 
der spans  in  the  form  of  arches,  and 
abutments  at  each  end.  For  reasons 
of  economy  it  is  slightly  curved  in 
its  alignment,  giving  the  shortest  dis- 
tance over  the  deepest  part  of  the 
gorge  and  affording  rather  high 
ground  for  the  piers. 

The  bridge  provides  a  roadway 
28'  wide  between  curbs,  paved  with 
asphalt,  and  two  concrete  sidewalks, 
each  5'  wide.  Over  each  pier  is  a 
projecting  bay,  widening  the  side- 
walks at  these  points  to  8',  and  con- 
taining a  concrete  bench.  At  each 
end  of  these  several  benches  is  an 
ornamental  electrolier,  each  having 
five  light  globes,  as  shown  in  Fig.  3, 
and  along  the  outer  edge  of  each  of 
the  sidewalks  runs  an  artistic  con- 
crete hand-rail.  The  roadway,  and 
consequentlv  the  walks,  has  a  grade 
of  2.65%.  " 

In  general  design  the  arch  spans 
of  the  bridge  consists  of  two  con- 
tinous    elastic     arch     ribs    carrying 


Fig.  2 — Xear  View  of  the  Single  Span  that  Crosses  the  Stream 
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This  view  shows  tlie  bridge  as  seen  in  the  dusk  just  as  the  liglits  begin  to  glow.     The 
bridge  is  much  traveled  by  automobilists 


what  are  called  spandrel  colums  and 
in  part  spandrel  walls,  on  which  rest 
cross-beams  with  cantilevered  ends. 
The  slabs  of  the  roadway  and  of  the 
sidewalks  rest  on  these  cross-beams 
and  over  the  longer  arches  on  longi- 
tudinal beams  connecting  the  cross- 
beams. The  pairs  of  arch  ribs  are 
connected  by  transverse  tie-beams  at 
about  the  location  of  each  spandrel 
column.  The  arches  are  generally 
parabolic  in  outline,  and  each  span 
is  independently  stable.  The  piers 
at  each  point  are  continued  up  to  the 
roadway;  this  arrangement  provides 
both  lateral  and  longitudinal  stabil- 
ity. The  two  halves  of  each  pier  are 
joined  together  by  a  massive  arched 
slab  below  the  springing  line  of  the 
arches,  but  above  the  springing  line 
the  two  sides  are  independent.  The 
six  smaller  arches  are  exact  dupli- 
cates in  design  and  proportions,  and 
were  molded  by  the  repeated  usage 
of  the  same  forms  and  falsework. 

The  hand-rails  on  each  side  of  the 
bridge's  passageways  are  designed 
with  round  concrete  pilasters.  These 
pilasters  were  all  cast  from  one 
mold,  but  the  top  and  the  bottom 
rails  and  the  posts  were  cast  in 
place. 

The  structure  contains  a  total  of 
approximately  11,000  cu.  yds.  of 
concrete  and  about  600  tons  of  rein- 
forcing bars.  The  greater  part  of 
the  concrete  is  composed  of  1  part 
Portland  cement,  2  parts  sand  and  4 
parts  stone  or  gravel,  the  latter 
graded  to  pass  through  a  1-in.  ring. 
The  piers  below  the  coping  work  at 
the  springing  line  are  of  a  1:3:5 
mixture,  the  maximum  size  of  the 
stone  or  gravel  being  ZYo".  Bould- 
ers are  embedded  in  this  portion 
where  they  will  not  interfere  with 
the  reinforcing.  The  shafts  of  the 
piers  above  the  springing  line  are  of 
a  1:31^:7  mixture  with  small  aggre- 
gate. 

The  reinforcing  is  of  corrugated 
bars  rolled  from  open-hearth  steel  of 
an  ultimate  strength  of  from  60,000 
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lbs.  to  70,000  lbs.  and  with  a  mini- 
mum elastic  strength  of  35,000  lbs. 

LOADS 

The  structure  is  designed  for  a 
live  load  consisting  of  Class  B  of 
Waddell's  "De  Pontibus,"  with  im- 
pact determined  by  the  formula  I  z= 

100 

,    which    consists    of    a    load 

L+150 

varying  from  123  lbs.  per  sq.  ft.  for 
a  loaded  length  of  100'  up  to  a  maxi- 
mum of  l66  lbs.  per  sq.  ft. 

The  following  road-roller  loads 
were  considered:  An  ordinary  15-ton 
road-roller,  with  which  permissible 
stresses  of  500  lbs.  per  sq.  in.  of 
compression  on  the  concrete  and  of 
15.000  lbs.  per  sq.  in.  tension  on  the 
steel  were  assumed,  and  an  emer- 
gency road-roller  weighing  21  tons; 
for  this  loading  the  above  intensities 
were  increased  to  650  lbs.  and  20,000 
lbs.  per  sq.  in.  respectively. 

The  wind  loads  figured  were  30 
lbs.  per  sq.  ft.  of  exposed  surface 
for  the  unloaded  structure,  and  15 
lbs.  per  sq.  ft.  of  exposed  surface 
for  the  loaded  structure. 

UNIT    STRESSES 

Except  as  mentioned,  the  allowa- 
ble unit  stresses  are:  For  concrete  in 
compression,  600  lbs.  per  sq.  in. ;  for 
concrete  in  tension,  zero;  for  concrete 
in  shear  when  combined  with  tension 
— (a)  when  without  reinforcement, 
35  lbs.  per  sq.  in.;  (b)  when  a  por- 
tion of  the  tension  reinforcement  is 
bent,  50  lbs.  per  sq.  in.;  (c)  where 
the  web  is  reinforced  to  carry  diago- 
nal tension,  120  lbs.  per  sq.  in.  For 
steel  in  tension,  15.000  lbs.  per  sq. 
in. 

When  considering  wind  and  tem- 
perature changes,  the  above  stresses 
are  increased  30%.  These  working 
stresses  are  increased  30%.  These 
working  stresses  were  used  with  cer- 
tain other  limitations  in  design.  In 
the  calculations  every  possible  condi- 
tion of  partial  loading  of  single 
spans  and  of  adjacent  spans  was  con- 


sidered,  and   the   extreme   conditions 
provided  for. 

As  before  stated,  most  of  the  piers 
are  founded  on  boulders  and  gravel, 
and  a  maximum  intensity  of  Sl'fj 
tons  per  sq.  ft.  was  allowed  on  the 
foundation. 

MIXING    CONCRETE 

The  methods  of  construction  em- 
ployed by  the  contractors  were  sim- 
ple and  particularlj'  economical  for 
an  undertaking  of  this  kind.  This 
may  be  noted  especially  in  tlie  meth- 
ods of  mixing  and  placing  the  con- 
crete. 

The  mixing  plant  consisted  of  ele- 
vated bins  for  the  sand  and  the 
gravel,  which  were  discharged  by 
gravit}^  the  contents  passing  into  a 
chute  where  the  aggregate  was 
measured  and  the  cement,  brought  in 
from  an  adjacent  storage  house,  by 
gravity  also,  was  added.  A  gasoline- 
driven  concrete  mixer,  of  20  cu.  ft. 
capacity,  Ransome  type ,  received 
the  material  and  discharged  it  into 
steel  dump  cars. 

TRANSPORTING    CONCRETE 

These  cars  were  run  on  a  track 
carried  on  a  trestle  supported  on  the 
framework  or  later  on  the  partly  fin- 
ished roadway,  following  the  center 
line  of  the  structure.  This  track 
ascended  until  it  was  about  12'  above 
the  finished  roadway  and  then  con- 
tinued on  tlie  final  uniform  grade  of 
2.65%  throughout  the  entire  length 
of  the  bridge.  The  trains  of  cars 
carrying  the  concrete  buckets  were 
controlled  by  a  cable,  which  hauled 
the  cars  up  a  short  grade  and  over  a 
hump,  and  then  controlled  them 
while  they  ran  by  gravity  to  their 
proper  location.  After  dumping,  they 
were  drawn  back  by  the  engine — a 
single-drum,  oil-burning  hoisting  en- 
gine— with  sufficient  speed  to  carry 
them  over  the  summit  and  so  down  to 
the  mixer  again. 

The  concrete  was  dumped  from  the 
cars  into  a  movable  distribution  hop- 
per, from  which  it  was  dumped 
through  a  controlled  opening  into 
steel  troughs  and  from  which  it,  in 
turn,  passed  to  its  final  position  in 
the  form.  Only  two  men  were  re- 
quired to  handle  the  concrete  mixer, 
one  at  the  hoisting  engine  and  one  at 
the  receiving  hopper.  From  four 
men  to  six  men  usually  placed  and 
spaded  the  material  in  the  forms, 
making  a  gang  that  rarely  exceeded 
10  men. 

For  a  large  part  of  the  work  only 
two  coupled  cars,  each  of  %  cu.  yd. 
capacity,  were  used,  but  when  the 
work  on  the  farther  portions  was  in 
progress  trains  of  three  cars  became 
necessary.     A  hopper  was  provided 
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at  the  mixer  to  hold  one  load  until 
the  cars  could  be  returned  and  while 
a  second  batcli  was  being  mixed. 
This  enabled  tlie  ears  to  be  filled  im- 
mcdiatelv.  Tlie  cars  when  traveling 
to  the  fifth  pier,  or  a  distance  of 
about  500',  made  tlie  round  trip  in 
rin  average  of  4  niins.,  and  wlicn  go- 
ing to  the  farther  end  about  8  mins. 
became  the  average.  The  force  of 
10  men,  with  tliis  equipment,  placed 
an  average  of  about  120  cu.  yds.  of 
concrete  each  working  day. 

FORM    WORK 

The  construction  of  tlie  forms  and 
falsework,  of  course,  necessitated  the 
larger  number  of  men,  but  here  again 
economical  management  prevailed. 
The  smaller  arches  are  exactly  alike 
in  design,  and  this  permitted  the  use 
of  the  same  forms  over  and  over 
again.  The  design  for  the  larger 
arches  is  also  practically  the  same^ 
the  arches  differing  in  size  only. 
Many  of  tlie  special  parts  were  pre- 
j)ared  at  the  mill,  and  the  timbers 
used  throughout  were  ]>laned,  so  as 
to  give  a  smooth  surface.  For  parts 
of  certain  cornices,  for  the  capitals 
on  spandrel  columns,  for  the  canti- 
lever beams  and  for  certain  small 
projections  from  the  general  sur- 
faces, however,  specially  prepared 
sheet  metal  forms  were  used,  these 
being  fastened  to  the  wood  forms  at 
the  proper  places. 

The.  falsework  for  the  smaller 
arches  consisted  of  8-in.  x  8-in. 
posts,  with  2-in.  x  6-in.  bracing,  and 
three  posts  per  bent  were  used — one 
under  the  center  of  the  roadway  and 
one  under  each  arch  rib.  The  caps 
were  12-in.  x  12-in.  timbers,  which 
extended  all  the  way  across.  Only 
the  central  bents  were  made  vertical, 
the  others  leaning  toward  the  piers. 
The  sheathing  and  the  side  forms 
for  the  ribs  were  supported  on  three 
joints  under  each  rib,  resting  on  the 
wedges  at  each  cap.  The  forms  for 
the  tie-beams  between  the  arch  ribs 
were  carried  by  small  trusses  of  2-in. 
x  6-in.  pieces,  spaced  about  3'  10" 
o.  c.  and  resting  on  the  two  adjacent 
caps.  The  falsework  for  the  larger 
arches  was  designed  very  much  the 
same,  differing  mainly  in  that  10-in. 
X  10-in.  posts  were  used.  The  posts 
were  supported  on  ground  sills  of 
suitable  dimensions. 

The  timber  for  the  forms  and 
falsework  was  hoisted  by  a  team  of 
horses,  and  all  other  material  requir- 
ing lifting  was  hoisted  or  moved  by 
manual  labor. 

In  the  construction  of  the  bridge 
from  40  men  to  70  men  were  regu- 
larly employed.  Most  of  these  were 
carpenters,  who  were  used  for  build- 
ing the  falsework  and  forms.     The 
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concrete  workers  were  usually  limit- 
ed to  eight  or  10. 

PERSONNEL 

The  bridge  was  designed  and  con- 
structed under  tiie  supervision  of 
Waddell  &  Harrington,  eons,  engrs., 
Kansas  City,  Mo.,  C.  K.  Allen  being 
the  local  representative.  The  con- 
struction contractor  was  tlie  Mer- 
cereau  Bridge  &  Construction  Co., 
Los  Angeles,  Cal.  The  total  contract 
price,  including  everything  necessary 
to  equip  it  for  service,  was  $188,000. 
It  was  built  from  funds  supplied 
jointh'  by  Los  Angeles  Co.  and  the 
Citv  of  Pasadena. 


Action  of  .\ I  kali  on  Concrete 

Tlie  U.  .S.  Iirclamation  Record 
presents  a  concise  discussion  of  the 
action  of  alkali  on  concrete,  based 
upon  governmrnt  investigations  to 
date.^ 

What  do  we  know  about  the  disinte- 
jrratiiiff  cffet  of  alkali  waters  and  soils 
on  concrete?  This  question  can,  perhaps, 
be  answered  best  after  breaking  it  up 
into  several  narrower  questions  as  fol- 
lows : 

(a)  Does  alkali  disintegrate  concrete? 

(b)  What  forms  of  alkali  have  the 
greatest  disintegrating  effect  and  there- 
fore require  the  greatest  precautions 
against  such   disintegration  to  be  taken? 

(c)  What  kind  of  concrete  is  most 
easily  disintegrated  by  alkali  action? 

(d)  Can  concrete  be  made  that  will 
withstand  the  most  destructive  kind  of 
alkali? 

(a)  It  has  been  found  that  concrete 
is  disintegrated  through  seepage  action 
of  alkaline  waters  under  certain  condi- 
tions. 

(b)  Investigation  has  shown  that  the 
principal  salts  acting  to  produce  disin- 
tegration are  the  sulphates,  and  especial- 
ly magnesium  and  sodium  sulphates.  It 
is  thought  that  of  these  the  former  is  the 
more  active,  but  this  has  not  been  defi- 
nitely established.  Different  localities 
have  shown  different  results  for  the  same 
materials.  Two  extreme  cases  may  be 
cited  in  the  Sunnysidc  and  the  Belle 
Fourche  project.  Of  a  number  of  test 
specimens  exposed  on  the  former  no  dis- 
integration was  observed  at  the  end  of 
about  11  mos.  with  the  exception  of  a 
specimen  containing  a  snap  and  alum 
solution  in  the  mix;  the  specimens  were 
all  of  a  1:3:5  gravel  mixture.  Further- 
more, none  of  the  concrete  structures  on 
this  project  has  been  affected.  On  the 
other  hand,  various  mixtures  exposed  on 
the  Belle  Fourche  project  were  all  found 
to  be  disintegrated  at  the  end  of  8  mos., 
with  the  exception  of  a  1 :2  mortar  speci- 
men, which  was  not  affected.  Concrete 
structures  on  this  pro.iect  have  also  been 
disintegrated  by  alkali.  Other  projects 
showed  intermediate  results.  Analyses  of 
samples  from  the  Belle  Fourche  project 
show  magnesium  and  sodium  sulphates 
present  in  strong  solution,  with  the  for- 
mer predominating,  and  from  the  Sunny- 
side  project  show  sodium  sulphate  only, 

'See  also  Concrete.  Oct.,  1915,  issue,  p.  145 


and  in  much  lighter  solution.  As  a  gen- 
eral proposition,  it  must  for  the  present 
be  concluded  that  in  locations  where  al- 
kali is  present  containing  these  salts, 
special  precautions  must  he  taken  to  pre- 
vent its  possible  action,  unless  experience 
with  structures  previously  built  has 
shown  no  deleterious  effect,  as  in  the 
case  of  the  Sunnyside  project  above 
cited. 

(c)  It  has  been  quite  clearly  demon- 
strated that  the  leaner  mixtures  of  con- 
crete are  more  easily  disintegrated  than 
the  richer;  also,  that  the  more  scientific- 
ally proportioned  mixtures — that  is,  those 
having  least  voids  for  given  proportions 
of  cement  and  aggregate — give  better 
results.  This  is  a  natural  result,  as  the 
action  results  from  seepage  of  water  into 
or  through  the  concrete,  which  is  retard- 
ed by  the  richer  and  more  scientifically 
proportioned  concrete. 

(d).  A  direct  and  definite  answer  can- 
not be  made  to  this  question.  F.xperi- 
mcnts  have,  however,  shown  that  the  more 
nearly  impervious  the  concrete  the  less 
it  is  disintegrated  by  alkali.  It  is  a 
natural  deduction,  therefore,  that  water- 
proof concrete  will  "resist  alkali  action. 
Such  concrete  under  certain  conditions 
may  be  difficult  to  produce.  Laboratory 
experiments  have  shown  that  it  is  po.s- 
sible  to  produce  concrete  that  is  prac- 
tically impervious  to  water  up  to  50  lbs. 
to  75  lbs.  pressure,  and  satisfactory  re- 
sults have  been  obtained  in  the  produc- 
tion of  an  impervious  concrete  in  the 
field  on  structures  where  special  pains 
were  taken  toward  that  end. 

There  are  numerous  patented  water- 
proofing compounds  on  the  market; 
there  are  also  being  manufactured  sev- 
eral so-called  alkali-proof  cements.  .\ 
number  of  these  have  been  tested,  but 
the  results  have  not  been  any  better  than 
those  obtained  with  straight  Portland  ce- 
ment. Sand  cements  also  have  so  far 
shown  no  superior  alkali-resisting  quali- 
ties. .1.  Y.  Jewett.  cement  expert,  gives 
his  tentative  opinion  "that  with  good  ce- 
ment, with  care  in  the  selection  of  suit- 
able aggregates,  with  proportioning  to 
liroduce  a  rich  dense  mixture,  and  with 
))roper  methods  of  mixing  and  placing, 
i!  is  possible  to  produce  a  dense  imper- 
vious concrete  that  will  withstand  the 
alkali  action  under  ordinary  conditions 
without  the  use  of  any  special  materials 
for  waterproofing  purposes."  With  fair- 
ly rich  concrete  an  impervious  skin  of " 
neat  cement  or  rich  mortar,  such  as  is 
produced  by  working  a  flat  spade  be- 
tween the  concrete  and  steel  or  surfaced 
wood  forms,  will  no  doubt  also  have 
much  effect  in  resisting  the  action  of 
alkali. 


When  it  comes  to  talk  about  the 
secret  Navy  laboratory  and  $5,000,- 
000  workshop  in  which  the  govern- 
ment Naval  Board  is  to  work  out  its 
plans,  concrete  is  the  only  building 
material  thought  of.  The  resolu- 
tions of  the  Board  in  reference  to 
their  new  home  provide  "that  the 
building  shall  be  of  modern  concrete 
construction,  with  metal  sills  and 
doors,  wire-glass  windows  and  ample 
fire  protection."  Thus  as  time  goes 
along  every  new  and  serious  under- 
taking requires  concrete  for  its  de- 
velopment. 
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Fig.  1 — General  View  or  Cement  Gun 

Fig.  2 — Shooting  Gunite  on  the  Steel  Viaduct 


Protecting  Steel  Viaducts  With  Concrete 


By  Will  C.  Parsons^ 


A  steel  viaduct  560'  long,  consist- 
ing of  eight  girder  spans  bridging 
40  R.  R.  tracks  at  Columbus,  Ohio, 
was  so  deteriorated  from  the  effects 
of  locomotive  smoke  as  to  make  re- 
placement necessary. 

It  was  decided  to  increase  the 
width  of  the  structure  20',  making 
the  roadway  of  the  new  bridge  50' 
wide  with  a  7-ft.  6-in.  sidewalk  on 
either  side. 

As  it  was  necessary  to  build  new 
piers,  and  to  erect  the  new  bridge 
without  interrupting  city  or  inter- 
urban  street  car  traffic  over  the  old 
bridge,  novel  traffic  methods  were 
worked  out. 

Excavation  for  the  piers  was  made 
by  means  of  a  derrick  car  on  the 
old  viaduct,  which  loaded  the  dirt 
onto  cars  on  the  steam  R.  R.  tracks 
26'  below. 

The  contractor  constructed  the 
concrete  piers  and  placed  the  steel 
for  the  20-ft.  extension  from  the 
deck  of  the  old  bridge.  A  tempor- 
ary track  was  then  placed  on  the 
steel,  and  street  car  traffic  diverted 
from  the  old  bridge  to  the  tempor- 
ary track  on  the  extension. 

The  old  structure  was  then  re- 
moved by  cutting  the  steel  away  witli 
the  oxy-hydrogen  flame. 

The  feature  of  the  work  is  the 
protection  of  the  steel.  Concrete 
protection  in  the  form  of  gunite, 
was  shot  on  with  a  cement  gun^ 
working  at  40  lbs.   pressure.      The 

^Worthington,  Ohin 
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apparatus  used  provides  for  shoot- 
ing the  proper  quantities  of  cement 
and  sand  through  one  hose,  whereas 
water  is  supplied  through  a  second 
hose  and  the  mixture  is  made  at  the 
nozzle.  The  wet  mixture  is  deliver- 
ed against  the  steel  in  the  form  of  a 


spray  under  40  lbs.  pressure.  Two- 
inches  of  concrete  was  applied  to  the 
web  and  3"  to  the  flanges  and  brac- 
ing members,  where  wire  mesh  was- 
attached  to  the  steel  by  wiring 
through  holes  drilled  for  tlie  pur- 
pose. 

No  special  treatment  of  the  gun- 
ite was  used  except  on  the  spandret 
girders,  where  particular  care  was- 
taken  to  have  a  reasonably  smooth 
surface  as  the  rest  of  the  work  was^ 
unexposed  except  below,  no  particu- 
lar care  was  taken  except  to  have 
the  coating  of  reasonably  uniform, 
thickness.  The  equipment  used  con- 
sisted of  a  cement  gun  and  a  50-h.  p. 
.Sullivan  9-in.  x  12-in.  x  12-in> 
straight  line  air  compressor  large 
enough  to  develop  260  cu.  ft.  of  air 
per  min.  at  40  lbs.  The  operating^ 
crew  consisted  of  a  foreman,  an  en- 
gineer, a  man  to  operate  the  valve 
on  the  cement  gun  and  two  men  at 
the  nozzle.  Two  men  were  employed 
to  feed  material  to  the  gun  and  four 
to  prepare  the  mixture  as  delivered. 
Water  pressure  was  maintained  at 
40  lbs.  by  an  auxiliary  pump. 

The  deck  of  the  bridge  is  of  re- 
inforced concrete,  paved  with  brick. 
Parapet  walls  were  cast  in  wood 
forms  and  reinforced  with  V2-in. 
round  steel  rods  doweled  to  the  stone 
coping  of  the  approaches  and  an- 
chored to  the  steel  girders.  Ex- 
panded metal  was  wired  to  these 
rods  further  to  reinforce  the  parapet. 


Fto.  i — General  View  ov  4tii  Street 
Vi.4Duct,  Columbus,  Ohio 

Fig.  S — Detail  of  Gunite  Co\'ered 
Steel  and  Concrete   Parapet 


As  this  part  of  the  work  was  done 
in  cold  weather  it  was  necessary  to 
protect  the  work  with  straw  and  to 
use  salamanders  and  a  steam  line  for 
additional    warmth. 

Expansion  and  contraction  were 
cared  for  by  roller  bearings  placed 
on  all  piers  except  the  center  pier, 
leaving  the  viaduct  free  to  expand 
each  way  from  the  center.  A  3-in. 
maximum  expansion  at  each  end  is 
provided. 

Engineering  features  were  handled 
by  R.  H.  Simpson,  assistant  City 
Engr.  of  Columbus,  and  the  contract 
was  carried  out  by  D.  W.  McGrath 
&  Sons,^  Columbus,  at  a  cost  of 
about  $450,000. 

■Cement  Gun  Co..   N.  Y.  C. 

•Columbus,   01)io 
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Methods  Employed  in  Wrecking  Rein 
forced  Concrete  Buildings^ 


On  account  of  the  great  progress 
in  the  construction  of  concrete  build- 
ings the  early  buildings  have  in  some 
cases  reached  their  limit  of  useful- 
ness and  liave  been  wrecked  to  make 
way  for  more  modern  structures. 

In  a  tcclmical  and  practical  treat- 
ise on  the  methods  of  breaking  up 
structures  of  concrete  and  reinforced 
concrete,  which  has  recently  appear- 
ed tlie  author  includes  a  number  of 
highly  interesting  and  timely  prob- 
lems concerning  which  little  has  ever 
been  written  in  any  language.  The 
author  comments  on  the  fact  that 
the  most  instructive  examples  cited 
in  his  work  are  accounts  of  the 
wrecking  of  buildings  in  America. 

BREAKIXG    UP    MASS    CONCRETE 

The  author  describes  the  methods 
used  in  breaking  up  pavements  in 
various  German  cities  with  the  use 
of  compressed  air  drills  and  then 
gives  considerable  space  to  the  use 
of  explosives   for  wrecking. 

Use  of  Explosives — For  the  de- 
struction of  heavy  bridge  piers,  re- 
taining walls  and  foundations  of 
mass,  concrete,  explosives  have  re- 
peatedly been  used,  both  heavy 
charges  which  with  one  shot  destroy 
the  object,  and  the  slow,  but  in  many 
ways  more  convenient,  light  charges. 

The  heavy  charge  will  on  account 
of  the  force  exerted  destroy  the  en- 
tire surrounding  masonry;  however, 
this  method  separates  the  structure 
for  the  most  part  into  large  blocks 
which  must  be  broken  up  still  more 
by  the  use  of  small  explosive 
charges.  (It  is  interesting  to  note 
that  at  this  point  the  author  inserts 
a  footnote  reading  as  follows:  "The 
German  concrete  bridges  in  the  vicin- 
ity of  the  French  frontier  are  pro- 
vided with  mine  chambers  in  the 
abutments  and  the  middle  piers,  ac- 
cess to  which  is  gained  through  lock- 
ed manholes.  This  should  in  case  of 
war  allow  a  very  quick  destruction 
by  means  of  a  mighty  explosion.) 
The  light  explosions  are  materially 
aided  in  their  work  since  the  first  ex- 
plosion opens  up  the  joints  in  the 
concrete.  Internal  cracks  also  aid 
in  weakening  the  cohesion  so  that 
the  block  is  easily  broken  up. 

If    small    charges    of    explosives 


^Abstracted  translation  by  Albert  M.  Wolf 
from  Der  Ahhruch  t-on  Befon  ifnd  Eisenbefon- 
baiiteii.  bv  Ernst  Schick:  published  by  Wil- 
helm  Ernst  &  Sohn,  Berlin 


are  used  entirely,  holes  are  drilled  in 
the  same  manner  as  for  blasting 
stone,  and  fired  when  the  men  are 
not  working.  In  general  it  can  be 
said  that  the  breaking  up  of  rich 
gravel  concrete  will  require  deeper 
holes  and  heavier  charges  than  lean 
concrete  in  which  crushed  limestone 
was  used ;  for  the  latter  black  pow- 
der is  generally  strong  enough.  Ex- 
act rules  cannot  be  given,  eaeli  case 
requiring  individual  treatment. 

Unless  such  work  is  undertaken 
by  specialists  who  have  laborers 
trained  in  the  use  of  explosives  and 
the  use  of  special  tools,  the  cost 
of  breaking  up  ma'ss  concrete  will 
be  greatly  incr<'ased  even  if  the  en- 
gineer in  charge  is  of  the  highest 
ability.  The  author  therefore  ad- 
vises that  in  all  cases  such  work  be 
let  to  specialists  familiar  with  the 
wrecking  of  concrete  structures. 

The  chemical  destruction  of  con- 
crete, which  has  more  than  once  been 
agitated,  can  be  characterized  as 
Utopian  to  the  fullest  extent.  We 
know  of  no  practical,  available  sol- 
\cnt  for  the  strong  silicic  acid  sub- 
stances released  by  the  cement.  Even 
if  such  a  solvent  were  available  the 
density  of  the  concrete  would  pre- 
vent the  desired  action  from  taking 
place. 

Reviewing  the  examples  cited  and 
the  results  of  practice,  the  princi- 
ples of  the  destruction  of  mass  con- 
crete can  be  set  forth  in  a  clear  man- 
ner as  follows : 

1 .  For  large  masses  of  concrete 
the  same  methods  as  are  used  for 
quarrying  can  be  followed.  2.  Skilled 
labor  selected  on  the  basis  of  tests 
and  experiments,  tools  and  explo- 
sives should  be  used  for  this  work. 
3.  For  further  breaking  up  pieces 
of  concrete,  stone  chisels  (for  hand 
work)  or  compressed  air  chisels  can 
be  used.  4.  The  economy  of  com- 
pressed air  chisels  varies  propor- 
tionately as  the  wages ;  cost  is  there- 
fore, on  account  of  recent  increases 
in  wages,  rapidly  increasing.  5.  For 
small  masses  of  concrete  the  use  of 
explosives  is  out  of  question  and 
only  points  3  and  4  need  be  consid- 
ered. 

WRECKING     REINFORCED     CONCRETE 
STRUCTURES 

Descriptive  examples  of  methods 
of  wrecking  reinforced  concrete 
buildings  are  given  in  the  third  part 


May,  1916 


of  the  book.  Experiences  with  this 
subject  are  extraordinarily  few  and 
it  is  only  possible  to  lay  down  rules 
for  the  actual  wrecking  of  concrete 
buildings  by  basing  them  on  the 
practical  applications  cited. 

Short  descriptions  of  methods  of 
wrecking  used  on  buildings  in  Balti- 
more, Chicago,  Mannheim,  Germany 
and  other  localities,  including  a  coal 
washer  in  Stockholm,  Sweden,  are 
the  foundation  for  the  rules  later  laid 
down  by  the  author. 

Breaking  up  thin  slabs  of  beam 
and  slab  floors  is  easily  accomplish- 
ed. On  account  of  their  hardness 
they  cannot  be  readily  worked  on 
with  hand  chisels  or  even  with  com- 
pressed air  chisels  or  drills,  but  on 
account  of  their  brittleness  they  can 
readily  be  broken  up  into  small 
pieces  by  letting  heavy  weights  fall 
for  a  short  distance  upon  them. 
Whether  this  is  to  be  accomplished 
by  a  freely-falling,  heavy  ram,  as 
was  used  in  wrecking  the  building 
of  the  Baltimore  News  Pub,  Co,, 
or  by  the  use  of  hand  sledges, 
as  in  the  wrecking  of  a  coal- 
washer  at  Stockholm,  is  main- 
ly a  matter  of  judgment  of  the 
structural  engineer.  In  general  a 
sledge-hammer  will  suffice  for  thin 
slabs,  but  for  thick  slabs  a  heavy 
ram  handled  by  several  men  will  be 
found  more  satisfactory  and  econom- 
ical. The  span  between  supporting 
beams  is  an  important  factor  inas- 
much as  for  long  spans  the  desired 
results  can  be  obtained  by  compara- 
tively light  blows. 

It  is  of  considerable  advantage  to 
allow  the  supporting  beams  to  re- 
main in  place  and  act  as  supports 
for  a  light  wooden  platform  to  carry 
the  laborers.  In  most  eases,  how- 
ever, such  precautions  are  unneces- 
sary since  the  steel  reinforcement 
of  the  slabs,  separated  from  the  con- 
crete, remains  uninjured  and  anchor- 
ed into  the  beams,  while  the  broken 
concrete  of  the  slab  which  has  not 
fallen  in  the  form  of  small  particles 
of  dust  can  be  readily  removed  by 
hand. 

This  method  of  breaking  up  slabs 
is  limited  to  those  of  a  thickness  up 
to  6"  to  6Y2"  while  for  very  long 
spans  this  limit  is  perhaps  somewhat 
higher.  For  greater  spans  this 
method  of  breaking  up,  by  means  of 
blows  applied  to  the  top  of  slab, 
seems  to  be  uneconomical ;  for  with 
heavy  weights  or  concentration  of  the 
work  at  one  point  it  is  always  possi- 
ble that  a  sudden  breaking  of  a  slab 
and  the  adjoining  beam  will  carry 
the  workmen  down  with  it.  Special 
protection  in  the  story  below  for 
such  emergencies  is  in  general  too 
costly.     For  this  reason  it  is  neces- 
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sary  to  treat  thick  slabs  in  the  same 
manner   as   beams. 

Beams  should  be  cut  off  near  the 
support.  The  location  of  the  cuts 
can  be  from  12"  to  16"  from  the 
support  so  that  the  workmen  will 
not  be  endangered  by  the  fall  of  the 
middle  portion.  The  haunches  of 
the  beam  should  not  be  cut,  but  rath- 
er the  least  cross-section  of  the  beam, 
which  involves  a  minimum  amount  of 
labor.  The  ends  of  the  beams  re- 
maining on  the  columns  can  be  re- 
moved when  the  columns  are  torn 
down.  Cutting  the  beams  can  be  ac- 
complished by  splitting  the  concrete 
with  a  hand  chisel  or  an  air  ham- 
mer. This  latter  tool  is  especially 
•well  adapted  since  by  the  use  of 
long,  thin  chisels  of  steel  very  nar- 
row cuts.  1"  wide,  can  be  made  for 
the  entire  depth  of  the  beam,  and 
also  because  the  amount  of  work  is 
greatly  diminished  as  compared  with 
that  required  with  the  use  of  hand 
chisels.  The  reinforcing  bars  can 
also  be  cut  by  blow-flames,  which  are 
essentially  more  rapid  and  economi- 
cal than  steel  saws.  The  use  of 
steel  saws,  however,  is  not  to  be  over- 
looked in  small  work  where  the  in- 
stallation of  a  blast  flame  is  too  cost- 
ly and  in  cases  in  which  such  a  large 
and  heavy  apparatus  is  inaccessible. 
There  are  today  quite  a  number  of 
cutting  flames  which  do  good  work; 
among  them  the  much  used  Autogen 
gas  flame;  different  hydrocarbons  in 
connection  with  clear  oxygen  and 
lastly,  the  oxy-hydrogen  flame.  The 
oxy-acetylene  flame,  used  a  great 
deal  in  wrecking  concrete  buildings, 
is  a  good  example  of  such  a  device. 
The  following  description  is  that  of 
the  wrecking  of  the  Gillender  Bldg., 
in  New  York.- 

The  apparatus  for  producing  the 
flame  consisted  of  three  steel  acetylene 
cylinders  about  2'  long  and  1'  in  diam. 
Each  cylinder  contained  G  cu.  meters  of 
acetylene  under  11  atmospheres  pres- 
sure. The  cylinders  were  filled  about 
2/t  full  of  Aceton,  a  porous  preparation, 
which,  under  normal  pressure,  absorbs 
25  times  its  volume  of  acetylene.  The 
oxygen  was  kept  in  a  cylinder  under  25 
atmospheres  pressure.  The  apparatus 
for  producing  the  flame  was  of  brass. 
The  forced  flame  burning  under  a  pres- 
sure of  10  atmosplieres  burned  a  mix- 
ture of  1.38  parts  of  oxygen  and  1  part 
acetylene.  When  the  flame  liad  heated 
the  metal  to  a  red  heat  a  stream  of 
pure  oxygen  was  directed  on  the  heated 
portion,  which  brought  about  a  rapid 
oxidation. 

Cutting  heavy  sections  of  iron  and 
steel,  and  even  cutting  columns  fiUed 
with  concrete,  is  readily  accomplished 
by  this  method. 

Difficulties  are  encountered, '  how- 
ever, in  cutting  members  composed 
of  several  plates  riveted  together. 
Riveted    members    are    very    seldom 
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used  in  reinforced  concrete  construc- 
tion and  this  is  perhaps  the  reason 
for  the  extensive  use  of  blow-flames 
for  wrecking  concrete  buildings,  the 
cost  of  which  is  greatly  exaggerated 
by  those  interested  in  steel  construc- 
tion. 

Compressed  air  drills  have  reach- 
ed a  high  state  of  development  and 
are  being  used  in  greater  numbers 
both  in  Germany  and  in  other  coun- 
tries. Electric  vibratory  drills  have 
proven  less  satisfactory  for  this 
class  of  heavy  work ;  they  are  better 
adapted  to  slow  drilling  in  a  homo- 
genous material.  They  may,  how- 
ever, be  justly  given  consideration 
where  electric  current  is  cheap. 

The  middle  portion  of  the  beam 
after  being  cut  from  the  supports 
will  fall  to  the  floor  below.  With 
this  method  of  wrecking  a  greater 
advantage  is  gained  in  that  the  ver- 
tical fall  and  the  violent  shaking  of 
the  piece  of  beam  bring  about  a 
breaking  up  of  the  concrete  and  a 
loosening  of  the  steel  bars,  and  what 
is  more,  it  breaks  up  the  lower  floor 
and  thereby  aids  considerably  in  its 
destruction. 

After  all  the  beams  and  slabs  have 
been  broken  up  the  columns  with  the 
stub  ends  of  the  beams  still  in  place 
can  be  overturned.  This  can  be 
done  by  cutting  away  one  side  at  the 
foot  of  the  columns,  as  is  done  in 
the  wrecking  of  high  chimneys,  the 
direction  of  the  fall  being  very  read- 
ily governed  in  this  manner.  Here 
also  the  shattering  effect  of  the  fall 
is  as  effectual  on  the  floor  which 
breaks  the  fall  as  on  the  column  it- 
self. Special  care  and  preparation 
are  unnecessary,  since  the  mass  of  a 
column  10'  to  13'  long  is  not  very 
significant :  for  this  reason  two  com- 
plete floors  can  be  wrecked  and  the 
columns  then  wrecked  in  two-story 
sections.  In  the  lower  stories  where 
the  columns  are  large  and  heavy, 
blasting  can  be  resorted  to  in  place 
of  cutting.  In  this  case  the  columns 
are  attacked  from  one  side  only  to 
regulate  the  fall,  by  drilling  deep 
holes  and  loading  them  with  a  light 
charge  of  explosive. 

Reinforced  concrete  walls  should 
be  first  cut  into  sections  from  6'  to 
9'  wide  and  then  cut  off  at  the  bot- 
tom and  overturned  with  the  aid  of 
a  rope  or  a  heavy  timber  used  as  a 
ram.  The  shattering  effect  of  the 
fall  loosens  the  steel  and  breaks  up 
the  concrete.  This  done,  the  wreck- 
ing of  a  complete  story,  composed  of 
slabs,  beams,  columns  and  walls,  is 
finished.  For  wrecking  buildings  in 
closely  built  up  sections  of  a  city, 
where  street  traffic  and  neighboring 
buildings  must  be  safeguarded,  a 
carefully  laid  out  plan  must  be  car- 


ried out.  With  isolated  industrial 
buildings  the  structural  engineer  has 
an  excellent  opportunity  to  use  the 
method  of  wrecking  which  best  suits 
the  conditions. 

Destruction  by  free  fall  is  most 
often  suitable  for  application  as  just 
described  in  the  destruction  of  a 
story ;  where  practicable  try  wreck- 
ing two  or  more  stories  at  once  by 
overturning  complete  parts  of  a 
building  outward,  inward,  against 
or  upon  one  another ;  and  finallj', 
in  very  heavy  construction  it  is  pos- 
sible to  destroy  the  entire  structure 
at  once  by  the  sudden  breaking  up  of 
the  basement  supports  with  explo- 
sives. This  method  of  destruction 
for  buildings  is  very  seldom  feasi- 
ble, but  it  can  be  used  for  wrecking 
bridges. 

In  general  the  order  of  wrecking 
should  be  from  top  to  bottom.  The 
experience  gained  in  the  destruction 
of  a  concrete  building  in  the  Chi- 
cago stock  yards,  however,  shows 
that  under  certain  conditions  the  re- 
verse order  of  procedure  is  more  de- 
sirable. 

CONCLUSIONS 

By  drawing  conclusions  from  the 
foregoing,  the  following  program  of 
sequence  governing  the  wrecking  of 
buildings  is  obtained: 

1.  Removal  of  the  windows, 
doors,  wood  floors,  brick  spandrels, 
parapet  walls,  roofing  and  miscel- 
laneous  installations. 

2.  Destruction  of  floor  slabs. 

3.  Cutting  off  the  beams  between 
the  hanches  and  dropping  them  to 
the  floor  below. 

i.  Pulling  down  columns,  by  cut- 
ting them  off  at  the  base. 

5.  Pulling  down  walls  by  cutting 
them  up   into  sections. 

6.  Other  arrangements  for  the 
wrecking  of  structures  best  to  suit 
the  conditions  at  hand,  always  con- 
sidering the  tools  at  one's  disposal 
such  as  sledge  hammers,  compressed 
air  chisels,  breaking  up  parts  by 
dropping  them  from  their  position 
and  by  comparatively  light  but  well 
placed  charges  of  explosives. 


Rules  as  to  the  cost  of  wrecking 
are  not  easily  laid  down.  Based  on 
the  data  regarding  the  wrecking  of  a 
coal  washer  in  Stockholm  an  average 
cost  of  $1.85  per  cu.  yd.  is  obtained. 
Assuming  the  cost  of  construction  as 
$18.35  per  cu.  yd.,  the  cost  of 
wrecking  amounts  to  10%  of  the 
cost  of  construction.  These  costs  are 
considerably  reduced  by  the  salvage. 
For  ordinary  dwelling  and  factory 
buildings  considerably  lower  costs  of 
wrecking  can  be  assumed,  about  92 
cts.  per  cu.  yd.     Since  the  value  of 

Maif,  1916 


CONCRETE 


tlie  steel  removed  remains  the  same, 
n  wreeking  cost  of  92  cts.  per  cu. 
yd.  amounts  to  5%  of  the  construc- 
tion cost  of  $18.35  per  cu.  yd.  This 
is  the  same  value  as  is  given  by 
huildiTs  for  ordinary  Urick  l>uildings. 
Handbooks  on  building  work  give 
tlic  wrecking  cost  of  brick  buildings, 
with  all  salvage  deducted,  at  about 
5%  of  the  cost  to  erect. 

By  proper  arrangement  and  plan- 
ning tlie  cost  of  wrecking  reinforced 
concrete  buildings  (at  least  in  Ger- 
many) is  not  greater  than  tiiat  for 
l)riok  and  steel  construction.  The 
conclusion  is  also  drawn  that  the 
technical  problems  arising  are  not  so 
difficult  that  tliey  cannot  be  readily 
solved  by  tlie  engineer  of  any  mod- 
ern construction  company. 


Grading  Aggregates  for  Ill- 
inois Concrete  Roads 

The  accompanying  table  from  a 
paper  by  A.  H.  Hunter,  a  division 
engineer  of  the  111.  Highway  Coram. > 
before  the  111.  See.  of  Engineers 
and  Surveyors,  gives  the  present  re- 
quirements as  to  gradation  of  aggre- 


(  uAHSE   Afii.riij.ArK 
Size  of  Screen  .\llowable  Limits  of  Percentage  Passing  Through 

1  H-in.   round   mesh 100 

^■in.  round  mesh Not  less  than  40  nor  more  than  TO 

V4-in.  round  mesh Not  to  exceed  3 

FINE    ACGIIEG;VTE 

Size  of  Screen  Allowable  Limits  of  Percentage  Passing  Through 

I/4-in.       square  mesh 99  to  100 

l/lO-in.     square   mesh Not  less  than  80  nor  more  than  73 

I/30-in.    sq.  mesh Not  more  than  15 

1/100-ln.  square  mesh Not  more  than  5 


gates  for  concrete  road  work  in  Illi- 
nois. 

From  the  same  paper  is  the  ac- 
companying cost  tabulation.  Cost 
figures  on  tlie  first  four  roads  were 
]>ublished  in  this  magazine'  but  are 
shown  again  here  for  purposes  of 
comparison. 


Beauty  and  I'tility 

Another  thought  as  to  the  close 
allegiance  of  beauty  and  utility  is 
gleaned  from  Knickerbocker  Kom- 
ments: 

One  reason  why  there  are  so  many  un- 
siglitly  houses  built  by  carpenters  is  the 
misconception  on  the  part  of  the  public 
that  the  mission  of  the  architect  is  prin- 
cipally to  add  "embellishments"  to  a 
building — with  a  commensurate  addition 
to  the  cost. 


The  public  thinks  that  art,  which  is 
simply  anotlier  name  for  beauty,  is  some- 
thing apart  from  everyday  life. 

Even  a  penius  like  Goethe  wrote  that 
the  beautiful  cannot  be  made  to  serve 
any  practical  purpose  without  injury  to 
the  artistic  effect. 

This  seems  still  to  be  the  prevailing 
popular  idea,  despite  the  thundering  of 
Kuskin,  Morris  and  other  aesthetic  lead- 
ers, who  prccahed  that  in  art  "form  fol- 
lows function." 

For  example,  no  chair  can  be  artistic 
unless  it  is  useful  as  a  seat.  This  state- 
ment is  not  so  superfluous  as  it  might 
appear  at  first  glance.  Some  chairs  are 
really  not  furniture — they  are  bric-a- 
l)rac.  If  you  doubt  it,  look  around  in 
private  parlors  or  in  the  "ladies'  parlor" 
of  fashionable  hotels. 

If  an  art  museum,  instead  of  being 
called  by  that  name,  were  featured  as 
an  "Exposition  of  the  Beautiful" — in 
paintings,  tapestry,  china,  furniture,  etc. 
— it  would  be  a  much  more  popular  in- 
stitution. 


Table  2 — Unit  Cost  of  Several  Concrete  Roads 

Built  By 

Day  Labor  Under  the 

Supervision  of  the 

Illinois  Highway  Commission 

McLean 

IQl 

DeKalb  Sp 

1914 
Aurora 

ringHeld  Carlinville 

Jacksonville  La  Salle   Springfield  Highland 

'Amt.  pvt.  laid,  sq.  yds. 

3,000 

7,334 

3,594 

7,U1 

2,148 

10.663 

8,566 

6,680 

2,942 

Thickness  of  pvt.,   ins. 

g 

6^4 

7 

ihi 

6 

614 

6-7 

6 

7 

tmcKness 

,  nvt 

. 

Width   of  pvt.,   ft 

43 

12 

13 

18 

IS 

20 

9-18 

9 

18 

^4 

^4 

hi 

*H4-tH 

1'4 

% 

H 

4 

.        % 

haul. 

Cost  of  ceni.,  per  l)bi.  .$1.02-»1.06 

$0.33 

$1.02  H 

$0.98 

$1,285 

$1.06 

$1.02H 

$1.40 

$1.12 

30  bbls.  c 

em. 

sq.  yd.  pvt. 

bbl. 

$0.39 

$0.31 

$0.29 

$0.33 

$0.28 

$0.29 

$0.30 

$0.29 

$0.36 

Price    labor,    M.   &   T., 

cts 

20-tO        S 

!2V4-43 

25-45 

20-40 

22y*-44H 

33-62 V4 

25.50 

20.40 

*Sand    tStone 

Cost  of  Labor  and  Supplies 

Superintendence    

t    140.00 

$    200.00 

$    202.00 

$    157.30 

$      87.00 

$      240.00     $ 

405.00 

$    202.00 

$    223.00 

E.'CC,  shaping  road  l)ed. 

trimming  shoulders   . 

307.41 

1,042.37 

443.32 

700.4S 

231.94 

1,682.60 

2.490.07 

1,427.50 

Loading    and     hauling 

sand   and   stone 

267.34 

396.02 

603.30 

795.05 

229.94 

1.798.98 

1,482.46 

1,480.00 

414.63 

746.65 

644.25 

700.58 

231.37 

1,413.07 

1,245.07 

656.35 

Covering  and  seasoning 

260.00 

45.38 

Watchman    and    misc. . 

133.44 

374.43 

333.75 

131.46 

112.46 

978.50 

567.28 

234.45 

Cost  of  sand  and  stone. 

f.   o.    b 

1,017.63 

1,671.00 

1,622.01 

741.00 

573.17 

3.352.45 

2.582.05 

2,182.32 

1,154.40 

Cost  of  cement,  f.  o.  b. 

1,347.15 

1,230.00 

1,351.17 

2,307.90 

833.08 

3,301.00 

3,055.71 

2,794.32 

1,193.92 

Expansion    joints    

48.67 

160.18 

206.74 

112.40 

23.00 

299.00 

233.28 

248.32 

Reinforcing  steel   

100.00 

5.00 

Coal  and  oil  for  mixer 

30.73 

32.00 

119.19 

25.00 

21.10 

224.49 

98.47 

99.54 

ber    

35.00 

119.77 

13.33 
$5,794.76 

31.73 

16.61 

79.74 

61.80 

40.35 

40.00 

Total     

$3,964.02 

$6,19t.42 

$5,803.07 

$2,369.67 

$13,632.16     $] 

12,241.46 

$9,413.03 

$3,990.30 

Total    cost... 

...$63,403.09 

Unit  Cost  Per  Sq.  Yd. 

Superintendence    

$0,028 

$0,027 

$0,036 

$0,022 

$0,040 

$0,023 

$0,047 

$0,030 

$0,076 

Av. 

cost 

sq. 

yd.. 

.$0,038 

Excavation,  etc 

.061 

.142 

.079 

.099 

.108 

.153 

.291 

.214 

Av. 

cost 

sq. 

yd.. 

.      .142 

Loading     and     hauling 

sand,  stone  and  cone. 

.033 

.031 

.108 

.112 

.107 

.169 

.173 

.222 

.111 

Av. 

cost 

sq. 

yd.. 

.      .126 

Mixing    and    placing 

concrete   

.083 

.102 

.115 

.099 

.108 

.133 

.145 

.098 

.150 

Av. 

cost 

sq. 

yd.. 

.      .113 

Covering  and  seasoning 

.024 

.007 

.027 

Av. 

cost 

sq. 

vd.. 

.      .004 

Watchman,   etc 

.032 

.020 

.008 

.013 

.052 

.092 

.066 

.035 

.017 

Av. 

cost 

sq. 

yd.. 

.     .045 

Cost  of  sand  and  stone. 

f.  o.  b 

.204 

.228 

.290 

.105 

.269 

.314 

.301 

.326 

.392 

Av. 

cost 

sq. 

yd.. 

.     .270 

Cost  of  cement,  f.  o.  b. 

.30D 

.170 

.277 

.325 

.388 

.310 

.357 

.418 

.406 

.\v. 

cost 

sq. 

vd.. 

.      .329 

Expansion   joints    

.010 

.022 

.037 

.016 

.013 

.028 

.030 

.037 

.037 

Av. 

cost 

sq. 

vd.. 

.      .023 

Reinforcing  steel    

.014 

.022 

Av. 

cost 

sq. 

vd.. 

.      .002 

Coal  and  oil  for  mixer 

.006 

.003 

.022 

.003 

.009 

.021 

.012 

.015 

.003 

Av. 

cost 

sq. 

vd.. 

.      .011 

Forms  and   other  lum- 

ber     

.007 
S0.7i).'! 

.016 
S0.8I9 

.003 
$1,035 

.005 
$0,313 

.008 
Si. 104 

.008 
$1,280 

.007 
Si. 429 

.006 
$1,408 

.014 
$1,336 

Av. 

cost 

sq. 

yd.. 

.      .003 

Total     

Av. 

cost 

sq. 

vd.. 

.$1,113 

The  costs  make 

no  allowance  fo 

r  depreciation,   overhead 

or   profit. 

iCoNCBETE,  May.  191.3. 
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Fig.   1 — CoN'CRETE   Bridge  at  Ashevilix,  X.  C. 


Repairing  a  Concrete  Bridge  at   Asheville,    X.  C. 


By  Chas.  H.  Neal^ 


The  Commissioners  of  Buncombe 
Co.,  N.  C,  have  recently  been  con- 
fronted by  a  rather  serious  proposi- 
tion because  of  the  threatened  fail- 
ure of  a  large  concrete  bridge  across 
French  Broad  river  at  Asheville,  but 
the}'  discovered  the  defects  in  time 
to  make  repairs  before  a  failure 
occurred.  The  writer  made  plans 
and  specifications  for  the  repairs 
and  directed  the  work,  which  afford- 
ed an  opportunity  to  make  very  in- 
teresting notes  of  the  original  con- 
struction. 

The  object  of  this  article  is  not 
to  reflect  on  concrete  as  a  structural 
material  but  to  call  attention  to  some 
weaknesses  due  to  the  work  of  our 
old  friend,  "Hap  Hazzard,"  who 
was  evidently  on  the  job,  and  to 
place  the  responsibility  for  failure 
where  it  belongs. 

The  bridge  consists  of  two  arches 
spanning  the  stream  proper,  with 
approaches  at  each  end  made  up  of 
columns,  beams  and  girders.  Its  en- 
tire length  is  931'  and  its  width  35', 
including  a  roadway,  a  street  car 
track  and  a  5-ft.  sidewalk.  The  ap- 
proaches are  supported  by  columns 
carrying  two  main  girders,  one  on 
either  side.  Beams  transversely  be- 
tween the  girders  support  the  floor. 

The  principal  failures  were  in  the 
girders  at  the  abutment  ends  and 
consisted  of  the  breaking  off  the 
haunches  or  braces  which  were 
poured  simultaneously  with  the  gird- 
ers, presumably  to  lessen  the  span 
between  the  columns.  Fig.  2  gives 
a  detail  of  the  construction  at  the 
abutment  and  also  shows  one  of  the 
haunches  broken  off  and  lying  on 
the  ground.  The  abutments  were 
evidently  constructed  first,  having 
slots  left  in  them  to  receive  the  gird- 

^Highway  Engr.,  Asheville,  N.  C. 
[SIOJ 


ers.  At  this  point  an  attempt  was 
made  to  provide  for  -expansion  and 
contraction  but  the  effort  seems  not 
to  have  been  very  successful.  The 
girders  fit  so  closely  in  the  slots  as 
to  allow  no  free  movement  of  the 
parts.  After  excavation  for  repairs 
it  was  found  that  the  abutment 
shown  at  Fig.  2  was  cracked  from 
the  bottom  of  slot  clear  down 
through  the  footing  to  the  earth 
foundation.  This  crack  was  appar- 
ently due  to  a  poor  foundation  and 
the  absence  of  reinforcement  in  the 
abutment  and  the  footing.  The  fail- 
ure of  the  abutment  at  this  point  al- 
lowed the  girder  to  drop  about  Il/4"> 
causing  dangerous  looking  cracks  at 
the  top,  as  shown.  The  same  condi- 
tion prevailed  more  or  less  at  both 
abutments. 

REPAIR   METHODS 

The  method  followed  in  making 
repairs  and  to  guard  against  further 
failure  was  to  go  down  to  solid 
foundation,  put  in  sufficient  footings 
and  build  suitable  columns  to  the 
girders.  These  columns  were  placed 
directly   against   the   abutments    and 


Fig.  3 — Detail  of  Consectiox  of  Gird- 
er AND  Abutment 


extended  out  far  enough  to  cover  the 
injured  parts  of  the  girders.  After 
the  concrete  was  set  steel  plates  and 
wedges  were  driven  between  the  tops 
of  the  columns  and  the  bottoms  of 
the  girders  to  transfer  as  much  dead 
load  as  possible  to  the  new  columns. 
The  repair  work  was  done  in  a  man- 
ner so  substantial  as  to  make  further 
trouble  at  these  points  practically 
impossible.  Just  what  may  develop 
at  other  points  is  doubtful  because 
the  design  and  construction  do  not 
seem  to  measure  up  to  what  one 
might  expect  in  so  important  a 
structure. 

.  One  can  but  wonder  why  a  little 
more  attention  could  not  have  been 
given  to  detail,  both  in  design  and 
construction.  The  design  seems  to 
have  been  a  combination  of  one 
made  by  the  people  representing  a 
patented  system  and  one  made  by 
the  contractor  who  constructed  the 
bridge.  Under  the  circumstances  it 
appears  difficult  to  ascertain  who 
was  to  blame  for  what  went  wrong. 
The  weak  features  consist  mainly  in 
the  placing  of  the  reinforcement. 
The  haunches  or  braces  broken  off 
show  that  no  provision  whatever  was 
made  for  tying  them  on  to  the  gird- 
ers of  which  they  were  supposed  to 
be  a  part.  Inspection  shows  that 
reinforcing  bars  in  girders,  beams 
and  slabs  were  allowed  to  lie  for 
most  part  on  the  forms  instead  of 
being  held  up  a  proper  distance 
from  the  bottom.  As  a  result  of  this 
the  thin  scale  between  the  steel  and 
the  outside  has  dropped  off,  leaving 
it  exposed  to  corrosive  influences, 
and  decreasing  the  bonding  surface 
of  the  steel  and  of  the  concrete. 

By  referring  to  the  illustrations  it 
will  be  seen  that  the  sidewalk  on 
one  side  and  about  5'  of  the  road- 
way on  the  other  are  supported  by 
brackets  of  the  cantilever  type 
placed  at  right  angles  to  the  main 
girders.  The  writer  has  been  told 
that  these  brackets  contain  no  rein- 
forcement whatever  and  the  state- 
ment is  confirmed  by  the  fact  that 
some  brackets  have  actually  fallen 
off  entirely,  showing  that  they  were 
not  poured  simultaneously  with  eith- 
er the  girder  or  the  floor  slab.  How 
they  hang  there  at  all  is  a  mystery, 
for  an  examination  showed  perfectly 
smooth  joints  between  bracket  and 
slab  and  between  the  end  of  the 
bracket  and  the  side  of  the  girder. 
Think  of  a  15-ton  roller  passing 
over  a  5-in.  floor  slab  supported  in 
such  a  manner ! 

This  structure,  instead  of  furnish- 
ing an  occasion  for  "knocking"  con- 
crete is  really  a  triumph  for  con- 
crete as  a  safe  building  material. 

May,  19ia 
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Some  Od( 


Jobs  of  Concrete   About 
Country  Place 


By  William  Main 

~      tion   for  the  upper  edge  of  the  con- 

A   concrete  plant  bench  for      crete  front,  while  a  single  small  bolt 
■^   ''"  ^  7  „    „„        ni^scs  throueh  the  groove  iron  and 

a  conservatory  or  greenhouse ,    f,;f;\.^"7f,,,  t.  The  concrete  is 

filled  in  flush  with  the  front  of  the 
uprights  and  to  whatever  thickness 
may  be  considered  desirable  to  form 
the  front  wall  of  the  bench.  The  T- 
iron  for  the  top  edge  is  iVi"  by 
II4"   by   -Kfi".   the   two    former   di- 

t^i.«i.v^..<-  ;«•    ,  mensions  being  those  of  the  "table 

tor  as  most  people  are  not  just      ^^^  ^j,g  "stem,"  as  the  bar  appears 

Uke  Mr.  Main  and  they  ivant     ;„  cross-section.   The  bottom  of  the 


ft  concrete  table  top,  a  porch 
rail,  a  repair  job  on  a  porch 
floor  —  these  odd  jobs  icere 
done  by  Mr.  Main  for  him- 
self. Vet  they  are  full  of  sug- 
gestions for  the  small  contrac- 


work   of   this   kind  done  for 
them. 


bench  is  reinforced  with  T-iron  of 
the  same  dimensions.  These  cross- 
ribs,  which  are  spaced  18"  apart, 
rest  on  an  angle  iron  at  the  back  wall 


which  is  iVii"  by  lY/'  by  %'  ; 
this,  in  turn,  rests  on  short  pieces 
of  flat  iron  molded  horizontally  into 
the  concrete  back  wall.  These  cross- 
ribs  should  be  bolted  to  the  horizon- 
tally extended  angles  at  the  front 
and  the  back,  thus  holding  the  whole 
structure  together. 

The  bolts  are  the  ordinary  short 
stove  bolts,  being  round-headed  ma- 
chine screws,  provided  with  nuts  and 
just  long  enough  to  go  through  the 
two  thicknesses  of  iron.  The  up- 
right supports  in  front,  if  spaced 
3'  6"  apart,  will  be  amply  strong 
enough  for  a  bench  of  any  reasona- 
ble dimensions. 

The  concrete  forming  the  bottom 
and  the  front  wall  of  the  bench  is 
reinforced  with  a  strong  iron  net- 
work extending  over  the  cross  ribs 
of  T  iron  and  made  to  sag  down  be- 
tween them  so  as  to  come  within  Vi;" 
or  %"  of  the  bottom  surface. 

For  a  wire  reinforcement  I  have 
used  a  network  of  No.  9  wire,  in  t" 
triangular  mesh,  this  material  being 
especially  made  for  reinforcing  con- 


GREENHOUSE   OR  CONSERVATORY 
BENCH 

It  is  well  known  that  the  ordin- 
ary wooden  greenhouse  bench  lasts 
but  a  short  time.  Constant  moisture 
and  warmth  provide  ideal  conditions 
for  decay  and  five  years  or  six  years 
is  the  usual  life  of  such  a  structure, 
which  must  then  be  rebuilt  at  the 
cost  af  considerable  labor  and  inter- 
ruption of  useful  work. 

Fig.  i  shows  a  cross-section  of  a 
bench  made  of  concrete,  reinforced. 
The  cost  of  material  and  labor  is  but 
little  greater  than  for  building  a 
wooden  bench,  while  its  durability  is 
infinitely  greater.  The  expense  is 
much  less  than  for  slate  or  tile  con- 
struction, as  sometimes  adopted. 

The  sketch  represents  a  bench 
with  a  concrete  bottom,  molded  with 
numerous  holes  so  as  to  provide  botii 
drainage  and  ventilation.  These  are 
essential,  as  every  greenhouse  man 
knows.  The  front  of  the  bench  is  ot 
concrete  and  the  sketch  also  repre- 
sents both  the  outer  wall  and  the 
floor  of  the  building,  as  of  the  same 
material.  The  dimensions  are  those 
adopted  for  a  bench  in  a  conserva- 
tory adjoining  a  private  residence. 
The  uprights  sustaining  the  front 
of  the  bench  are  of  channel  iron,  the 
smaller  sizes  of  this  material  being 
called  "grooves."  The  uprig;hts  in 
this  case  are  iVo"  by  V2"  and  Vs" 
thick. 

These  are  bolted  to  longitudinally 
placed  angle  iron,  11/2"  by  11/2"  by 
14".  A  bar  of  T  iron  is  bolted  as 
shown  across  the  upper  ends  of  the 
vertical  supports,  the  "table"  of  the 
T  thus  forming  a  permanent  protec- 
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Figs.  1  and  3-Exterior  akd  Interior   (Right-Bottom)    Views  of  Conservatory, 
Showing  Concrete  Bench  and  Enclosing  Wall 


Fig.  3— Benches  of  Concrete  in  Small  Gbeenhovse 
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Figs  4  and  5 — Details  of  Coxservatorv 
Bexch 

Crete.  Lighter  material,  such  as  is 
used  for  chicken  wire  or  tennis 
courts,  is  too  flimsv. 

In  order  to  provide  for  drainage 
and  ventilation  the  bottom  of  the 
bench  must  have  numerous  holes. 
These,  however,  are  easily  provided. 
Get  a  supply  of  dowel  rods,  such  as 
carpenters  purchase,  to  be  cut  up  in 
short  pieces  as  required  for  cabinet 
and  similar  work.  These  are  round 
and  straight,  and  usuallv  of  white 
birch.  The  %-in.  size  is  about  right. 
Cut  these  rods  up  into  short  pieces 
or  pegs,  as  long  as  the  bench  bot- 
tom is  to  be  thick.  Drive  into  the 
end  of  each  peg  a  small  wire  nail 
and  cut  the  head  of  the  nail  off  (with 
a  wire  cutter)  so  as  to  allow  the  re- 
mainder of  the  nail  to  project  lo". 
These  pegs  can  then  be  set  as  de- 
sired over  the  boards  which  are  sup- 
ported up  against  the  bottom  iron 
cross-ribs  of  the  bench,  a  blow  of  a 
hammer  serving  to  set  each  peg 
wherever  may  be  desired.  Concrete 
is  then  filled  in,  being  supported  by 
the  bottom  form  boards  and  smooth- 
ed over  flush  with  the  tops  of  the 
round  wooden  dowel  pegs,  which 
have  been  studded  as  thickly  as  it 
may  be  desired  that  the  drainage 
holes  should  be  placed.  After  the 
concrete  has  set  and  the  form  boards 
removed  these  pegs  may  be  driven 
down  and  out  with  a  hammer  and  the 
bottom  of  the  bench  will  be  found 
to  be  as  solid  as  a  rock,  much 
stronger  and  more  secure  than  any 
slate  or  tile  bottom. 

The  front  wall  of  the  bench  is  re- 
inforced in  a  similar  manner  by 
means  of  the  wire  netting  (which  is 
turned  up  for  that  purpose).  It  pre- 
sents a  neat  appearance,  being  flush 
with  the  front  edges  of  the  flanges 
forming  the  sides  of  the  upright 
grooves  or  channel  iron  supports, 
while  the  heads  of  the  small  bolts 
come  between  the  side  flanges,  j5o  as 
not  to  project.  All  the  exposed  iron 
framework  should  be  painted  with 
some  one  of  the  kinds  of  )i;iint  used 
to  preserve  iron. 

[SIS] 


Fig.  4  of  the  sketch  shows  a  cross- 
section  of  the  entire  bench,  while 
Fig.  3  shows  a  longitudinal  section 
of  a  portion  of  the  bottom  between 
the  cross-Tibs  of  T  iron,  also  show- 
ing how  the  wire  is  stretched  over 
the  cross-ribs  and  allowed  to  sag 
down  between  them. 

In  making  a  bench  of  this  kind  the 
only  tools  required  are  a  hack-saw 
with  a  10-in.  blade,  and  a  bench  drill 
which  serves  to  drill  the  bolt  holes. 
Any  handy  man  can  do  the  entire 
job  with  the  assistance  of  a  common 
laborer. 

The  sketch  shows  the  construction 
of  both  bench  and  floor  in  a  conser- 
vatory ;  the  floor  is  of  reinforced 
concrete   and   the   cross-joists   of   T- 
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iron  2"  by  2'  by  1,4".  The  same 
kind  of  wire  network  is  used  between 
them  that  has  been  described  in  con- 
nection with  the  bench.  The  floor  is 
made  with  a  slight  inclination  to- 
wards the  drainage  gutter  next  to  the 
wall  under  the  bench.  Thus  the 
floor  may  be  convenienth'  washed 
with  a  hose  in  a  few  minutes.  As  an 
adjunct  to  a  private  residence  a  con- 
servatory built  in  this  way  has 
proved  a  source  of  great  domestic 
comfort,  forming  also  a  cheerful 
sitting  and  lunch  room,  even  in  win- 
ter. 

The  bench  illustrated  in  Figs.  4 
and  5  is  31"  high,  33"  wide,  514" 
deep  inside,  with  front  wall  and  bot- 
tom ll^""  thick.  These  dimensions 
may  be  varied  greatly,  using  the 
same  reinforcing  metal,  which  is 
amply  strong  enough  for  larger 
benches. 

A  TABLE  WITH  ROUND  COXCRETE  TOP 

Figs.  7  and  8  show  in  section  and 
plan  the  tool  and  part  of  the  mold 
boards  used  in  preparing  the  table 
top.  A  platform  is  made  somewhat 
larger  than  the  diameter  of  the  table 
and  a  strip  of  metal  is  set  on  edge 
thereon,  in  a  perfect  circle,  so  as  to 
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Figs.  7  axd  8 — Sketches  Showixg  How 
TO  Lay  Out  Circular  Table  Top 

Fig.  9 — Suggestion  for  Wood  Pedestal 

Fig.  10 — Detail  of  Porch  Rail  Top 

Fig.  11 — Detail  of  Rep.iir  Job  for 
Porch  Floor 

form  the  circumference  of  the  mold. 
This  strip  projects  above  the  mold 
boards  just  high  enough  so  that  when 
filled  full  of  concrete,  which  is 
smoothed  over  flush,  the  table  top 
will  be  of  proper  thickness.  Rein- 
forcing metal  is  suitably  placed  be- 
fore filling  the  space  within  which 
the  disk-like  slab  of  concrete  is  to 
be  molded. 

If  the  strip  of  metal  is  2"  wide 
it  should  be  set  lo"  into  the  support 
boards  so  as  to  form  a  wall  or  boun- 
dary ll-o"  high.     A  circular  saw-cut 


Fig.  12 — Porch  Floor  Repaired 
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of  exactly  the  proper  deptli  may  be 
made  as  illustrated  in  Figs.  7  and  8. 
A  piece  of  a  butcher's  saw  blade 
of,  say,  4"  in  length,  is  secured  to  a 
block  of  wood,  the  side  of  which  is 
shaped  so  as  to  correspond  exactly 
with  a  small  arc  of  a  circle  of  the 
diameter  of  the  proposed  round 
table.  The  saw  blade  should  project 
just  y^"  below  the  bloek  as  shown  at 
d,  Fig.  7,  tlie  saw  blade  being  mark- 
ed a  and  the  block  lettered  h.  The 
block,  with  saw  blade  attached,  is 
then  secured  to  a  wooden  liandle 
which  swings  around  a  pivot  peg. 
Tlie  cross  block  c,  serves  to  keep  the 
radial  swinging  bar  parallel  witli  the 
molding  platform,  and  also,  by  ex- 
tending a  few  inches  crosswise, 
serves  to  steady  the  tool.  Holding 
one  hand  over  tiie  pivot  and  operat- 
ing the  handle  with  the  other,  the 
tool  is  then  swung  back  and  forth 
pressing  the  saw  blade  lightly  down- 
ward so  that  in  a  few  minutes  a  per- 
fectly circular  saw-cut  is  made, 
exactly  l^"  deep  and  of  the  required 
radius. 

The  strip  of  metal  is  then  pushed 
down  into  this  saw-cut,  and  after 
placing  wli.ittver  iron  lathing,  wire 
or  other  material  may  be  considered 
necessary  for  reinforcement,  the  con- 
crete may  be  poured  in  and  smooth- 
ed over  flush  witli  the  top  edge  of 
the  metal.  A  ribbon  or  hoop  of  thin 
steel  is  very  suitable  for  the  purpose 
*  required.  Figs.  7  and  8  show  a  tool 
constructed  for  a  radius  of  2',  mak- 
ing a  round  table  4'  in  diam. 

A  simple  plan  for  making  a  pedes- 
tal is  shown  in  Fig.  9.  A  piece  of 
board,  appropriately  shaped,  is 
screwed  to  each  of  the  flat  sides  of 
a  square  upright  of  suitable  height. 
Similar  boards,  secured  to  both  the 
upper  and  the  lower  end  of  tlie  up- 
right, furnish  both  the  radially  ex- 
tending feet  and  the  supporting 
arms.  (A  concrete  pedestal  to  sup- 
port the  table  top  would  undoubted- 
ly be  more  stable,  certainly  more 
durable. — Editor.) 

A  table  top  of  this  kind  is  natur- 
ally quite  heavy  so  that  it  is  not 
likely  to  be  pushed  out  of  place  but 
dowel  pins  of  wood  (or  preferably 
metal),  projecting  upward  from  a 
wooden  support  of  this  kind  and 
fitted  into  corresponding  recesses  on 
the  under  side  of  the  table,  prevent 
any  possible  shifting  when  the  table 
is  in  use.  A  table  of  this  kind  is 
especially  adapted  for  a  summer- 
house,  or  for  outdoor  use  generally. 
It  has  a  neat  and  substantial  appear- 
ance. 

CONCRETE  RAIL 

Fig.  10  shows  the  construction  and 
dimensions  of  a  concrete  rail  which 
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lias  been  found  a  very  comfortable 
adjunct  to  either  a  summerhouse  or 
a  porch.  It  really  seems  partly  to 
furnish  a  place  of  this  kind,  giving 
it  an  air  of  comfort  and  convenience. 
Tlie  broad  low  rail  top  affords  a 
continuous  table  for  books,  newspa- 
))ers  or  ladies'  work,  and  is  not  too 
liigh  to  sit  down  upon  comfortably. 
Tlie  dimensions  shown  are  those 
which  have  proved  satisfactory.  The 
outer  front  of  the  rail  if  molded  in 
panels  will  appear  to  better  advan- 
tage than  if  left  plain. 

PIAZZ.\  FLOOR 

Fig.  11  shows  a  method  according 
to  which  a  porch  floor  was  repaired. 
Every  one  knows  how  often  the  outer 
part  of  such  a  floor  has  to  be  renew- 
ed, this  being  most  exposed  to  tlie 
weather.  If  this  is  replaced  with 
concrete  the  less  exposed  part  of  the 
floor  will  last  for  many  years.  Per- 
fect connection  may  be  made  be- 
tween the  concrete  and  the  remaining 
wood-work. 

Fig.  11  shows  the  method  of  re- 
pairing a  porch  having  a  70-ft. 
front.  The  boards  were  cut  back  to 
within  3"  of  the  nearest  joist  in  the 
sound  portion.  This  part  was  block- 
ed up  securely  and  an  outer  wall  of 
concrete  built  to  rei>lace  the  decayed 
front  sill.  A  heavy  shelf  projecting 
inward  was  reinforced  with  pieces  of 
iron  rods,  or  any  old  iron  pipe  that 
came  handy.  The  floor  boards  should 
project  a  short  distance  beyond  the 
outermost  joist  running  the  length 
of  the  porch,  and  lag  screws,  spikes 
or  bolts  should  be  driven  into  the 
side  of  the  joist  so  as  to  make  a  per- 
manent connection  with  the  concrete. 
This  will  readilv  be  understood  af- 
ter a  glance  at  Fig.  11. 

Proper  color  may  be  given  to  the 
upper  surface  of  the  concrete  by 
applying  a  finishing  layer  of  about 
34"  of  a  mixture  of  sand  and  ce- 
ment, 2  of  sand  to  1  of  cement,  with 
five  lbs.  of  lampblack  to  a  bag  of  ce- 
ment and  200  lbs.  of  sand  will  give 
a  slate  color  which  will  about  match 
the  color  of  paint  frequently  used  on 
porch  floors.  No  attempt  should  be 
made  to  paint  the  concrete  itself, 
(Unless  a  special  concrete  paint  is 
used. — Editors).  It  is  not  well  to 
use  a  cheap  grade  of  lampblack, 
which  is  frequently  mixed  with 
ground  coke,  or  similar  cheap  forms 
of  carbon.  Such  poorer  grades  of 
lampblack  do  not  have  the  coloring 
power  of  a  better  quality  and  really 
cost  more  in  producing  the  desired 
efl!"eet. 

Tile  flooring  may  be  imitated  and 
a  pleasing  appearance  given  to  a 
concrete  floor  by  using  li;"in-  strips 


of  wood  to  mold  grooves  about  I/2" 
deep  in  the  still  plastic  floor.  These 
may  be  withdrawn  before  the  con- 
crete has  fully  hardened  and  the 
grooves  filled  flush  with  a  sand  and 
cement  mixture  to  which  a  terra  cotta 
color  has  been  given  by  a  2%  to  5% 
(b_v  weight  of  the  cement)  of  red 
mineral  color.  This  is  very  cheap 
and  as  sold  in  a  dry,  finely  ground 
condition  may  be  used  as  required  to 
modify  the  color  of  concrete,  as  for 
instance  that  of  the  table  top  pre- 
viously described. 

An  appearance  of  large  stone  slabs 
or  flagstones  is  commonly  given  by 
molding  grooves  or  indentations. 
These,  however,  when  left  unfilled, 
catch  dirt.  In  finishing  a  fireproof 
laboratory,  where  absence  of  dirt  or 
dust  was  essential,  the  writer  found 
that  a  floor,  made  as  described,  imi- 
tating tiles  about  10"  square,  was  not 
only  pleasing  in  appearance,  but 
casilv  kept  clean. 

It  may  be  noted  also  that  in  drill- 
ing holes  for  bolts  to  hold  together 
parts  of  iroii  reinforcing  frame- 
work they  may  be  conveniently 
drilled  even  after  such  parts  are  in 
place,  by  using  an  attachment  to  an 
common  carpenter's  brace.  It  takes 
the  place  of  an  ordinary  "bit"  and 
has  a  short  piece  of  chain  which  is 
passed  around  the  bar,  beam,  or 
other  part  to  be  drilled  and  hooked 
b.ack  to  the  tool  This  holds  the  drill 
to  the  work  without  the  labor  of 
pressing  it  and  the  tool  feeds  itself 
in,  automatically  Several  varieties 
of  this  device  are  on  the  market  and 
to  be  found  in  well  equipped  hard- 
ware stores 

In  this  way  holes  which  could  not 
be  conveniently  located  before  erect- 
ing an  iron  frame  can  afterward 
be  easily  drilled. 

Most  people  shy  at  whatever 
savors  of  the  machinist's  trade;  but 
the  metal  working  tools  referred  to 
in  this  article  are  inexpensive  and 
can  be  used  by  any  amateur,  or 
"handy  man,"  quite  as  easilv  as  or- 
dinary carpenter's  tools.  I  should 
have  added  a  "center  punch"  to  the 
list,  to  be  used  in  marking  the  exact 
spots  to  be  drilled. 

The  skilled  artisan  will  not  need 
all  the  detailed  instructions  which 
have  accompanied  the  foregoing  sug- 
gestions. 


That  Good  Roads  saved  the  city  of 
Paris  at  the  time  of  the  big  German 
drive  at  the  beginning  of  the  present 
European  war.  is  a  statement  made 
by  ^laj.  Amos  A.  Fries,  Corps  of 
Engrs.,    U.    S.    Army. 
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Forms  for  Concrete— Their  Construction 
and  Mo\'ement  on  the  Job 


Bv  Robert  Sherwix'^ 


The  Apr.,  1916,  issue  of 
Concrete  contained  the  first 
installment  of  a  j^^P^''  P''^- 
sented  by  Mr.  Sherwin  before 
the  Am.  Concrete  Inst,  at 
Chicago,  Feb.,  1916.  The  first 
section  described  the  practical 
design  of  concrete  forms  and 
the  present  article  describes 
the  economical  fabrication  and 
routing  of  forms  on  building 
construction. 


SHOP    WORK 

The  saw  mill  should  be  located, 
after  a  study  of  the  job  site,  in  a 
position  where  there  is  plenty  of 
space  for  piling  the  stock  and  also 
the  finished  panels.  The  saw  mill 
shed  and  equipment  should  be  stan- 
dard so  that  it  can  be  erected  and 
put  in  operation  as  soon  as  possible 
in  order  to  reduce  hand-sawing  to 
the  minimum.  A  saw  mill  at  its  best 
is  dangerous.  For  this  reason  every 
precaution  should  be  taken  to  pro- 
tect the  workmen  by  efficient  saw, 
machine  and  belt  guards.  The  mill 
should  be  near  the  building,  so  as 
to  reduce  the  cost  of  moving  panels. 
This  moving  cost  is  an  important  one 
in  obtaining  low  erection  costs  and 
will  amount  to  a  considerable  item 
when  the  mill  is  poorly  located, 
either  from  lack  of  planning  or  from 
lack  of  space  for  the  plant  around 
the  building. 

The  mill  yard  should  be  so  ar- 
ranged that  the  stock  will  go  in  one 
direction  from  the  lumber  piles  to 
the  saws,  the  making-up  benches  and 
to  the  finished  panel  piles,  which 
should  be  nearest  the  building. 

The  lumber  when  received  is 
checked  as  to  quality  and  quantity. 
The  stock  is  then  sorted  and  piled 
according  to  size  and  length,  each 
pile  having  its  size  plainly  marked. 
It  is  then  an  easy  matter  for  the 
mill  man  to  make  a  lumber  ledger 
of  .nil  the  stock  in  his  yard.  Thus 
at  all  times  it  is  possible  to  know 
the  stock  is  available,  for  as  the 
lumber    is    used    deductions    can    be 
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made  and  the  running  total  kept  up 
to  date. 

The  mill  man  divides  the  panel 
details  up  into  boards  to  make  the 
required  width  of  the  panel.  The 
number  of  boards  of  each  kind  need- 
ed to  make  the  number  of  panels 
wanted  are  ordered  moved  to  the 
saw  to  be  cut  to  proper  length,  and 
thence  to  the  make-up  bench,  where 
cleats  of  the  proper  size  and  length 
are  already  waiting,  having  been 
previously  ordered  through  the  mill. 
Another  order  to  the  bench  carpen- 
ters, which  is  clipped  to  a  blue-print 
sketch  of  the  panel,  enables  them  to 
cleat  together  the  boards  into  the 
finished  panel.  The  panel  is  then 
taken  away  by  a  laborer,  stenciled 
with  its  location  mark,  oiled  and 
piled  until  ready  for  use  in  the 
building. 

All  this  is  done  by  orders  written 
on  standard  order  forms  of  three 
kinds,  one  for  moving  the  stock,  an- 
other for  sawing  and  the  last  for 
making  up.  Duplicates  of  the  or- 
ders are  placed  on  the  mill  man's 
progress  board  so  that  he  knows  at 
all  times  how  the  work  is  progress- 
ing, for  when  an  order  is  completed 
and  returned  to  him  its  duplicate  is 
taken  down.  Each  kind  of  order  is 
of  different  color  so  as  to  be  easily 
identified. 

There  are  several  points  in  con- 
nection with  making  up  panels 
which  may  be  considered  here. 

As  much  assembling  as  possible 
should  be  done  at  the  bench.  Rang- 
ers for  wall  beams  can  be  attached 
and  ledgers  to  support  joists  can  be 
nailed  to  the  interior  beam  side 
cleats  at  the  proper  depth.  When 
inserts  need  to  be  placed  in  the  sides 
of  beams,  the  holes  for  the  bolts  to 
hold  them  can  be  located  on  the  de- 
tails and  the  holes  bored  at  the  mill. 
The  groove  strip  for  steel  sash  and 
also  the  corner  fillet  can  be  put  on 
the  column  sides  and  beam  bottoms. 
Bevel  key  strips  for  walls  should 
also  be  nailed  lightly  to  the  panels 
when  necessary. 

Heavy  cleats  for  big  wall  columns 
should  be  cut  and  bored,  but  not  at- 
tached to  the  panels.  The  panel  can 
be  cleated  with  iV^-'m.  boards,  and 
is  thus  made  much  lighter  and  easier 
to  handle  in  erecting.  Clean-outs  at 
tlie  bottom  on  two  opposite  sides  of 


all  columns  should  be  made  at  the 
mill.  Reduction  strips  should  be 
nailed  at  the  edge  of  all  panels 
which  reduce  in  size  when  re-used. 

All  small  pieces  liable  to  get  lost 
or  used  for  other  purposes  can  be 
dipped  in  red  paint  so  that  their 
small  size  will  be  respected  by  the 
carpenters  when  looking  for  loose 
boards. 

Much  waste  in  making  up  %-in. 
panels  can  be  prevented  if  the  floor 
is  laid  out  so  as  to  make  the  ma- 
jority of  the  panels  a  whole  num- 
ber of  boards  wide.  Roofers  come 
5%"  to  5I/2"  wide,  and  it  is  an  easy 
matter  to  plan  the  panels  to  come, 
say,  seven  boards  or  eight  boards 
wide,  which  means  no  waste  in  rip- 
ping one  board  to  make  the  width. 
The  length  should  be  planned  as 
near  stock  lengths  as  possible.  Pan- 
els made  of  spliced  boards  are  ex- 
pensive to  make  and  easily  broken. 
It  is  not  economical  in  labor  to 
make  up  panels  from  lumber  which 
has  already  been  in  contact  with 
concrete  several  times.  On  a  large 
building  recently  erected  by  us  the 
average  cost  of  making  all  panels 
from  new  stock  was  $1.10  per 
square.  On  another  building  of  ex- 
actly the  same  type  the  average  cost 
of  making  all  panels  was  $1.43  per 
square.  On  the  latter  building  old 
lumber  from  the  first  was  re-used 
in  making  a  large  part  of  the  pan- 
els. These  prices  include  oiling, 
lumping,  saw  filing,  carpentry,  saw- 
ing and  job  mill  overhead. 

If,  however,  panels  are  in  good 
condition  they  can  be  cleaned  and 
repaired  at  a  considerable  saving, 
both  in  labor  and  material.  As  an 
example,  13,562  sq.  ft.  of  %  in- 
floor  panels  were  cleaned,  repaired, 
cut  to  a  new  length,  oiled  and  piled; 
6,560  sq.  ft.  of  ll/t-in.  column  sides 
were  cleaned,  repaired,  oiled  and 
piled;  1.250  sq.  ft.  of  column  heads 
were  cleaned,  repaired,  oiled  and 
piled,  at  a  total  cost  of  $99.25.  or 
a  unit  labor  cost  of  $0.00466.  The 
estimated  labor  cost  of  making  the 
above  forms  from  new  stock,  using 
unit  costs  obtained  on  the  same 
work,  was  $178.20,  or  a  saving  of 
over  40%  in  labor,  besides  a  big 
saving  in  material. 

Old  ll/4-in.  panels  can  be  knocked 
to  pieces,  the  boards  cleaned  and 
piled  for  about  $3.00  per  1,000  ft. 
b.  m.  Large  quantities  of  typical 
forms  can  be  made  from  these 
boards  at  a  slight  increase  in  labor 
cost  over  using  new  stock.  The 
lumber  saving  is  considerable.  The 
quantity  made  must  be  large  to  al- 
low a  thorough  routing  of  the  old 
stock  through  the  mill. 

The  cleat  spacing  for  the  various 

kind  of  panels  should  be  kept  uni- 
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form  so  that  tlie  strips  on  the 
benches,  for  spacing  the  cleats,  will 
not  need  to  be  moved  for  every  set 
of  panels. 

For  beam  sides  2-in.  x  S-in.  cleats 
can  be  used  on  panels  up  to  SO" 
deep;  2-in.  x  4-in.,  flat,  up  to  42", 
and  S-in.  x  4-in.,  on  edge,  above 
42"  deep.  Nails  should  be  specified 
about  as  follows: 

No.        .size  Width  of  Board 

.1  lOd  6%"  and  7%" 

2  lOd  2%"  to  3%" 

1  lOd  Less  than  2%" 

12d  In  3-in.  x  4-in.  cleats 

8d  coated  In  'J^-in.  boards 

Wire  nails  should  be  used  for 
form  work  because  of  ease  in  driv- 
ing and  drawing.  The  holding 
power  is  also  sufficient.  Double- 
headed  nails  should  be  used  in  secur- 
ing all  boards  which  have  to  be 
loosened  before  stripping. 

FIELD    WORK 

.\11  work  on  the  forms  after  the 
finished  panels  are  piled  at  tlie  mill 
will  be  called  field  work  to  distin- 
guish it  from  tlie  work  in  making 
up  the  forms,  which  has  been  called 
shop  work.  Under  this  head  will 
come  everything  connected  with  us- 
ing the  panels  on  the  building.  An 
important  feature  of  this  work  is  a 
planning  department,  whose  busi- 
ness it  is  to  plan  the  work  in  ad- 
vance so  that  at  all  times  the  several 
gangs  will  have  definite  tasks  to  do 
.and  be  supplied  with  sufficient  ma- 
terial witji  which  to  do  the  work. 

An  editorial  in  The  Contractor^ 
says  in  tliis  connection:  "Tliis  plan- 
ning consists  of  many  things.  First, 
it  demands  complete  plans  and  draw- 
ings for  the  work  in  hand.  Plans 
cannot  be  made  for  building  a  struc- 
ture unless  the  details  of  design  have 
been  prepared  and  from  these  the 
kinds  and  quantities  of  work  are 
known."  In  the  writer's  own  work, 
complete  plans  are  rarely  available 
when  work  begins  and  usually  only 
very  preliminiary  drawings  h.ave 
been  prepared.  Nevertheless,  the 
work  should  be  planned,  using  ex- 
perience on  past  work  and  available 
information  on  the  job  at  hand  as 
basis  to  work  upon. 

The  moving  boss  has  an  impor- 
tant position  in  this  field  work.  He 
is  responsible  for  getting  the  proper 
panels  to  their  correct  location  in 
the  building  and  having  all  other 
stock  called  for  on  the  assembly 
plan  on  the  job  ahead  of  the  erec- 
tion carpenters.  When  the  forms 
are  stripped,  he  must  move  the  pan- 
els, which  are  to  be  re-made  before 
their  next  use,  to  the  re-making 
benches  and  thence  to  their  next  lo- 
cation.    It  is  expensive  to  have  high- 
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jjrieed  carpenters  waiting  for  stock 
or  using  stuff  not  suited  for  tlie  job 
tlicy  have  to  do. 

Tlie  erection  of  tiie  centering  and 
the  assembling  of  the  panels,  after 
the  later  have  been  moved  to  their 
proper  location  in  the  building,  is 
done  by  carpenters.  It  is  economical 
to  emi)loy  good  carpenters  and  keep 
tiiem  employed  constantly.  A  gang 
of  men  that  understands  form  work 
on  concrete  buildings,  the  methods 
used  and  the  grade  of  work  desired, 
is  a  valuable  asset  for  any  firm  spe- 
cializing in  reinforced  concrete  work. 

A  competent  foreman  sliould  be  in 
charge  of  all  c.irpenter  labor.  He 
should  be  consulted  by  the  planning 
department  so  that  "team  work"  will 
prevail. 

Quality  in  concrete  building  work 
is  usually  more  desirable  than  low 
costs.  Good  lines  and  surfaces  will 
be  remembered  after  the  cost  is  for- 
gotten. These  results  can  be  ob- 
tained only  by  careful  supervision 
of  the  erection  of  forms. 

When  forms  are  to  be  re-used,  as 
is  usually  the  case,  stripping  should 
be  done  as  carefully  as  possible.  An 
intelligent  foreman  in  charge  of  a 
stripping  gang  is  a  good  investment. 
.\ny  man  can  wreck  forms  cheaply, 
but  a  man  who  can  strip  the  forms 
and  leave  them  in  good  condition  for 
re-use  is,  in  the  end,  the  cheapest 
stripper.  He  saves  the  time  of  the 
high-priced  carpenters  in  re-making 
and  fitting  broken  panels. 

The  question  of  when  to  strip  is 
one  for  the  building  designer  to  de- 
cide, and  his  instructions  should  be 
carefully  followed.  It  is  cheap  in- 
surance to  make  enough  forms  so 
that  no  chances  need  be  taken  of 
weakening  the  trjieturc  by  stripping 
while  the  concrete  is  still  green. 

The  panels  which  need  to  be  al- 
tered before  re-use  should  be  re- 
made from  the  blue-prints  showing 
the  necessary  changes.  A  bench  for 
this  purpose  can  be  set  up  in  the 
story  where  the  forms  are  stripped. 
It  is  sometimes  advisable  in  a  high 
building  to  set  up  power  saws  in 
one  of  the  upper  stories  for  cutting 
off  panels  and  getting  out  stock  for 
re-making  and  repairing. 

A  large  gang  of  carpenters  work- 
ing overtime  is  sometimes  necessary 
in  order  to  deliver  a  building  on 
time.  This  is  expensive,  however. 
The  workmen  cannot  give  back  in 
efficient  labor  the  value  of  their  high 
wages.  Ten  hrs.  is  about  all  the 
average  man  can  work  without,  fall- 
ing off  greatly  in  efficiency.  Night 
work  on  forms  should  be  avoided  if 
possible. 

When  speed  is  not  the  essence  of 
the   contract,   there    is   time   to   plan 


the  erection  work  more  carefully. 
Smaller  gangs  can  be  used  and  their 
tasks  and  material  for  tiicm  routed 
by  slips  similar  to  those  used  in 
making  up  panels. 


An  important  item  in  the  field 
work  is  the  erection  of  economical 
safe  stages.  These  stages  should 
be  carefully  designed  as  to  the  worst 
possible  load  to  come  upon  them, 
and  the  design  should  be  strictly  fol- 
lowed in  the  field.  A  man  thor- 
ouglily  familiar  with  lumber  should 
be  made  inspector  as  to  the  quality 
of  the  stock  used  for  stages.  A 
good  stage  makes  the  workmen  more 
efficient  and  is  a  good  insurance  in- 
vestment. 

GENER.\L    NOTES    ON    FORM    WORK 

Keynotes  to  economy  in  a  concrete 
building  are  regularity  and  simpli- 
city. These  two  points,  if  borne  in 
mind  by  the  designer,  make  cheap 
forms.  The  latter  should  have  the 
idea  of  forms  as  firmly  in  his  mind 
as  he  does  his  bending  moment  for- 
mulas, if  he  is  to  turn  out  a  good 
reinforced  concrete  design.  Con- 
crete used  with  brick  curtain  walls 
can  be  worked  into  very  pleasing 
exteriors  without  the  need  of  elabo- 
rate details  requiring  expensive 
forms. 

Projecting  belt  courses  break  up 
the  continuity  of  the  exterior  column 
forms  and  should  be  avoided  except 
on  very  high  buildings.  A  heavy 
overhanging  cornice,  consoles  and 
brackets  needed  at  the  top  of  a  tall 
building  can  be  more  cheaply  made 
of  slieet  metal  and  attached  to  a 
plain  concrete  cornice  beam  by  means 
of  steel  brackets.  The  effect  is  just 
as  pleasing  as  if  expensive  forms 
are  made  and  the  concrete  members 
cast. 

The  number  of  different  sizes  of 
beams,  columns  and  thickness  of 
slabs  should  be  kept  a  minimum. 
This  means  fewer  different  kinds  of 
units.  The  panels  can  be  made  and 
handled  more  cheaply,  to  say  noth- 
ing of  the  time  saved  in  designing. 
The  biggest  item  of  expense,  how- 
ever, is  that  of  re-making  beam  and 
column  forms  and  patching  floor 
forms  when  changes  occur  in  the 
size  of  the  members  on  different 
floors.  It  may  be  nice  to  know,  for 
instance,  that  an  18-in.  x  18-in.  col- 
umn is  sufficient  to  carry  the  load, 
but  it  is  better  to  know  that  a  20-in. 
X  20-in.  column,  as  used  below,  is 
the  size  to  use  ordinarily.  This 
saves  re-making  the  column  sides 
and  patching  the  beam  and  slab 
forms.  In  most  cases  concrete  is 
cheaper  than  altering  forms. 

Stock   sizes    of   lumber   should   be 
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kept  in  mind  and  when  dimension- 
ing the  concrete  members.  For  ex- 
ample, projections  should  be  made 
1^/4"  and  1%"  instead  of  1"  and 
2",  since  dressed  stock  comes  nearer 
the  former  sizes.  Beams  can  be 
made  il^/4"  wide  instead  of  12". 
Thus  one  12-in.  plank  can  be  used 
without  needing  a  Y^-in.  strip  tacked 
to  the  edge.  Points  such  as  these, 
thought  out  in  the  designing  room, 
mean  a  cheaper  building. 

It  is  economical  on  jobs  wliere 
speed  is  not  required  to  place  con- 
crete with  light  equipment  and  slow- 
ly. Lighter  forms  can  then  be  used 
because  the  live  load  is  greatly  re- 
duced when  tracks  and  big  cars  do 
not  need  to  be  supported  by  the 
forms. 

CONCLUSIONS 

Much  has  been  written,  manv  ex- 
periments made  and  standards  adopt- 
ed in  relation  to  concrete  and  rein- 
forced concrete  design.  It  is  the 
writer's  opinion  that  more  accidents 
can  be  prevented  and  money  saved 
by  contractors  and  for  owners  by 
showing  the  same  interest  in  the 
study  of  form  work.  The  greatest 
proportion  of  the  small  number  of 
failures  of  concrete  structures  is  due 
either  to  faulty  form  design  or  be- 
cause the  forms  were  stripped  too 
early. 

Recently  we  have  had  reported  in 
the  engineering  periodicals  the  fail- 
ure of  a  concrete  slab,  resulting  in 
the  death  of  two  workmen.  Accord- 
ing to  an  expert's  report  "the  form 
supports  were  faulty."  Forty-five 
sq.  ft.  of  floor  were  supported  on 
each  post,  made  up  of  one  long  2" 
X  4",  to  which  were  spiked  short 
pieces  of  2"  x  4"  to  make  up  a 
4-in.  X  4-in.  post.  These  posts  had 
little  bracing.  Two  floors  of  green 
concrete  were  supported  on  such 
posts.  Is  there  any  wonder  that 
failure  resulted? 

As  has  already  been  stated,  the 
unit  cost  of  making  a  thorough  study 
of  forms  for  a  job  is  difficult  to  de- 
termine, but  it  is  small  compared 
to  the  time  saved  in  the  field  by 
using  the  more  efficient  methods.  In 
spite  of  the  fact  that  carpenters' 
wages  have  steadily  increased,  while 
the  quality  of  labor  has  decreased, 
and  a  poorer  grade  of  lumber  costs 
more  than  a  few  years  ago,  unit 
costs  on  form  work  are  much  lower 
than  when  the  job  was  left  to  itself. 
The  overhead  cost  for  this  office 
work  is  a  very  small  part  of  the 
total  unit  cost  of  the  form  work. 

It  is  safe  to  say  that  by  using 
methods  such  as  have  been  describ- 
ed, a  large  saving  is  possible  over 
doing  the  work  by  ordinary  methods. 
[SJG] 


Some  Data  on  the  Use  of  the 
Cement  Gun 

The  following  data  are  from  the 
Reclamation  Record  on  the  use  of 
the  cement  gun  at  the  Elephant 
Butt€  Dam: 

The  upstream  face  of  the  dam  is 
being  waterproofed  with  gunite 
mixed  in  the  proportion  of  1  cement 
to  2  sand  and  applied  in  a  coating 
about  1"  thick.  Advantage  has  been 
taken  of  rising  water  in  the  reser- 
voir to  work  from  rafts  specially 
constructed  for  the  purpose.  There 
are  two  of  these,  each  9'  x  13'.  made 
of  planking  on  a  framework  laid  on 
and  attached  to  I6  oil  barrels.  One 
raft  contains  the  machine,  operator 
and  helpers,  small  mixing  box  and  a 
few  sacks  of  cement  and  sand,  while 
the  other  is  loaded  with  cement  and 
sand. 

The  coating  is  applied  in  hori- 
zontal strips  about  10'  high  and  the 
length  of  the  dam  at  water  level. 
The  surface  is  first  cleaned  thor- 
oughly with  scrapers  and  wire 
brushes  and  is  then  gone  over  with 
a  sand-blast,  using  coarse  sand, 
passed  through  the  machine  to  ob- 
tain the  necessary  pressure.  The 
surface  is  then  thoroughly  moistened 
with  a  hose  and  the  mortar  immedi- 
ately applied.  The  mortar  is  put 
on  in  four  layers,  each  about  I4"  in 
thickness.  It  was  found  that  a  thick- 
er coat  than  this  applied  on  a  ver- 
tical wall,  without  reinforcement, 
would  sag  on  account  of  its  weight. 
Each  layer  follows  the  preceding 
one  before  it  has  attained  its  final 
set.  and  so  far  there  is  no  indication 
of  a  parting  of  the  layers.  Numer- 
ous samples  taken  from  the  face 
showed  perfect  adhesion  to  the  con- 
crete, it  being  impossible  in  every 
case  to  break  the  mortar  from  the 
concrete  at  the  line  of  contact.  The 
cost  per  sq.  ft.  for  the  first  100,000 
sq.   ft.  is  as  follows : 

OperatinET    and    repair    work,    including: 

cost  of  air  and  water $0,015 

Ptasin?,  cleaning  wall,  moving,   etc 000 

Cement    021 

Sand,    including    labor,    screening    and 
hnuling    (sand    only    20    cts.    per    cu. 

yd.)    007 

Depreciation  of  gun  and  equipment 020 


Total    079 

Some  experiments  were  also  con- 
ducted at  Elephant  Butte  to  deter- 
mine the  feasibility  and  probable 
cost  of  troweling  the  mortar  placed 
by  cement  gun.  This  with  the  idea 
of  using  the  machine  for  the  lining 
of  canals  or  for  repairing  lining 
that  had  disintegrated  and  required 
a  smooth  finish.  The  area  treated 
was  75  sq.  ft.  This  was  covered 
with  mortar,  averaging  3,4"  thick,  in 


15  min.  working  time,  or  at  the  rate 
of  300  sq.  ft.  per  hr.  for  this  aver- 
age thickness.  One  good  finisher 
troweled  56  sq.  ft.  in  25  min.,  or  at 
the  rate  of  135  sq.  ft.  per  hr.  Pos- 
sibly two  men  could  keep  up  with  the 
gun.  The  finishing  was  not  done  to 
a  sereeded  surface.  The  surface  is 
wavy,  but  much  smoother  than  a 
formed  surface  would  be.  It  could 
be  sereeded  to  a  plane,  if  thought 
necessary.  Care  must  be  taken  that 
too  much  material  is  not  deposited  in 
one  coat,  or  horizontal  cracks  will 
occur,  due  to  settlement.  Some 
cracks  appeared  in  this  experiment, 
and  in  each  one  the  material  was 
found  to  be  from  1"  to  lY^"  thick. 
The  cost  of  this  particlular  experi- 
ment, not  counting  cost  of  setting 
up,  equipment,  etc.,  was  as  follows: 

Labor    $0.30 

Sand,   approximately  9  cu.   ft 90 

Cement.    4  sacks 2.00 

Total   for  75  sq.   ft 3.20 

Or  iVi  cts.  per  sq.  ft. 

Depreciation,  staging,  moving, 
etc.,  would  depend  on  the  job,  but 
it  is  probable  tliat  the  total  cost  of 
placing  this  coating,  including  the 
troweling,  under  average  conditions, 
would  not  exceed  5  cts.  per  sq.  ft. 

In  using  the  cement  gun  the  sand 
must  be  clean,  sharp  and  not  too 
fine.  It  must  not  be  bone  dry.  or 
trouble  with  feeding  will  occur.  The 
air  pressure  should  be  about  30  lbs. 
in  the  gun  and  water  pressure  over 
60  lbs.  It  has  been  figured  at  Ele- 
phant Butte  that  30'  of  free  air,  at 
100  lbs.  pressure  at  the  point  of  de- 
livery to  the  gun.  and  10  gals,  of 
water  are   required   per  min. 


The  Life  of  Concrete 

Chemical  Abstracts  publishes  this 
summary  of  a  paper  by  Bertram 
Blount,  "Probable  and  Presumptive 
Life  of  Cements,"  from  the  Inter- 
national Engrg.  Congress : 

The  list  of  possible  causes  of  destruc- 
tion of  ordinary  concrete  are  bad  ce- 
ment, bad  aggregate,  bad  proportions, 
bad  mixing,  had  workmanship,  bad  de- 
sign, external  violence,  fair  wear  and 
tear,  action  of  saline  solutions,  action  of 
acids,  electrolysis.  For  reinforced  con- 
crete in  addition  to  the  above  causes 
there  are  corrosion  of  reinforcement  di- 
rect or  by  electrolysis  and  cracking  due 
to  monolithic  character  or  possibly  to 
stresses  between  the  concrete  and  the 
reinforcement.  Of  the  external  causes 
of  destruction  the  most  important  is  the 
action  of  saline  solutions.  The  action  of 
acids  (notably  H,SO,  and  H,S)  is  next 
in  importance,  and  finally  electrolysis  is 
an  important  aeencv  in  destruction.  A 
plea  is  made  for  rich,  dense,  imperme- 
able concrete  which  is  as  impervious  as 
pbssible  to  the  entry  of  air  and  water. 
Electrolysis  can  be  avoided  by  proper 
insulation.  .\ny  structure  made  well  and 
honestly  enough  will  vie  in  life  with  the 
mighty  structures   of  antiquity. 
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Construction  of  a  High  Concrete  Tank 
at  Knoxville,   Tenn. 


By  Uobkiit  Lindsay  Mason 


Pjc     i_a     l.H-rr.     Water 
Knoxville,  Texx. 
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A  modern  concrete  water  tank 
I'H'  hio-h  has  been  built  recently  at 
Knoxville,  Tenn.  This  tank,  of 
40.000  gals,  capacity,  will  supersede 
two  wooden  roof  tanks  and  provide 
reserve  for  future  needs. 

The  permanence  and  fireproof 
quality  of  this  tank  and  the  small 
ground  area  it  requires  are  strong 
arguments  for  more  extended  use  of 
this  type  of  structure. 

The  outside  diameter  is  17'  4"- 
Other  dimensions  are:  Depth  of 
foundation  4.1',  top  of  foundation 
to  tank  bottom  9'2.6',  tank  bottom  to 
roof  27.1',  roof  to  top  of  battlement 
4.2'.  total  height  128'. 

The  foundation  rests  upon  red 
clay,  of  which  the  usual  safety  tests 
were  made.  It  is  spread  so  as  to 
allow  a  uniform  load  of  3.000  lbs. 
to  the  sq.  ft.  and  consists  of  a  ring 
base  6"  wide  and  4'  deep,  placed  so 
as  to  rest  directly  under  the  center 
of  the  tower  wall.      The   reinforce- 
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ment  of  this  base  consists  of  -/g-'n; 
twisted  steel  bars  placed  radially  4 
o  c  to  take  care  of  bending  moment 
caused  by  the  superimposed  load  and 
wind  pressure,  while  six  concentric 
rings  of  %-in.  bars  were  spaced  12^ 

Walls  of  the  supporting  tower  to 
the  bottom  of  the  tank  are  8"  thick, 
reinforced  horizontally  and  vertical- 
ly with  %-in-  twisted  steel  bars 
spaced  18"  o.  c.  each  way.  Addi- 
tional bars  were  embedded  from  bot- 
tom of  foundation  to  a  height  ot 
,S0'  to  take  care  of  wind  stress  and 
unequal   settling.  ,    .  i      ,„ 

\s   the   windows   of   an   hotel    arc 
only   a   few   feet   from  the  work   it 
was  necessary  to  do  most  of  the  fill- 
ing of  forms  between  sleeping  hours 
A  steam  turbine  hoist  was  used  and 
the  breakdown  of  the  boiler  during 
the  laving  of  the  tank  floor  required 
the  men  to  be  employed  for  21   hrs. 
at  one  time.     The  engineer  recom- 
mends   any    form    of    electric    hois 
when    conditions    of    a    similar    kind 
are    encountered    on    account    of    its 
comparative  noiselessness.     The  tank 
floor  is   14"  thick  at  the  cente^r  and 
o\"  at  the  circumference  reinforced 
with    3/4-in.   twisted   steel    placed    at 
right  angles  so  as  to  giye  an  8-.n. 
mesh       A    21-in.    coping   with    4-m. 
overhang  outside  added  to  the  sym- 
metrical   appearance    of    the    struc- 
ture     The  walls  of  the  tank  are  b 
Shick   with    %-in.    and    '^-J^ 
bars  spaced  horizontally  4^    to   1- 
o    c.  with  vertical  bars  18     o.  c. 

The  roof  slab  is  5"  thick  at  the 
center  and  4"  thick  at  the  circum- 
ference. Its  reinforcement  is  i/2-m- 
twisted  steel  bars  spaced  at  right 
angles  to  giye  a  12-in.  mesh. 

On  the  perimeter  of  the  tank  roof 
was  built  a  battlement  as  a  railing 
and  finish  to  the  whole.  A  brush 
coat  was  given  to  the  completed 
structure  and  a  steel  ladder  100 
long  reaching  to  a  walkway  was  an- 
ehored  tightly  into  place  with  screw 
anchors.^  .       , 

Little  sand  was  used  in  the  con- 
crete. Instead  of  sand  "chats,  a 
dolomitic  limestone,  a  by-product  ot 
zinc  mines,  was  used  because  the  en- 
gineer   found    that    it    produced    a 


stronger  concrete.  A  mix  of  1  ".8 
was  used  in  the  foundations  and  1  -.6 
in  the  tank  proper. 

Steel    forms-    were    used    in    the 
construction  of  this  tower  and  were 
supported    by    a    4-in.    steel    center 
mast  so  that  no  part  of  the  weight 
rested  upon  the  green  concrete.     A 
mast  75'   high  was  used  in  building 
the  Knoxville  tank  and  was  shored 
up  on  two  8-in.  x  10-in.  beams  rest- 
ing in  wall  apertures  50'   from  the 
ground  for  the  higher  work.     In  the 
mast  are  holes  8"  apart  for  the  in- 
sertion of  a  pin  which  supports  the 
form  at  any  desired  height  after  it 
is    raised    by    the    means    of    jacks. 
The  forms  were  lightly  brushed  with 
crude  petroleum  so  as  to  insure  re- 
moval from  hardened  concrete  with- 
out difficulty. 

When  loaded,  the  Knoxville  tank 
exerts  a  weight  of  500  tons  on  the 
foundations.  The  total  time  of  con- 
struction was  54  working  days. 

One  incident  threatened  to  mar 
the  erection  of  the  tower  with  a  fa- 
tality. While  laying  the  roof  of  the 
tank  at  an  elevation  of  120',  a  de- 
fective piece  of  timber  suddenly 
gave  way  just  as  the  last  bucket  of 


]?,(,_  2 — Section  of  Tower  and  Tank 
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Fig.  3 — Reixfohcixg  Pi.ax  of  Taxk 
Floor  and  Roof 

concrete  was  being  deposited.  Eight 
tons  of  green  concrete  and  twisted 
steel  fell  to  the  floor  of  the  tank 
27'  below.  The  two  men  emploj'ed 
upon  the  work  barely  escaped  a 
nasty  fall  by  clutching  the  iron  rim 
of  the  form.  This  mass  of  debris 
might  have  caused  serious  damage  to 
the  tank  floor  but  for  the  fact  that 
the  forms  prevented  the  mass  of  ma- 
terial from  falling  simultaneously, 
thereby  lessening  the  shock.  After 
a  thorough  examination,  no  cracks 
whatever  were  found  in  the  tank  bot- 
tom, which  was  designed  to  support 
a  weight  of  300  tons.  No  incon- 
venience from  the  accident  was  occa- 
sioned except  the  loss  of  material 
and  labor,  and  another  roof  was 
completed  iS  hrs.  after  the  accident. 
A  small  amount. of  seepage  which 
is  not  imusual  in  tanks  of  this  sort 
was  noticed  on  the  sides  of  the  tank 
after  its  completion  but  this  was 
easily  stopped  with  an  application 
of  cement  plaster  which  was  used 
inside  the  tank. 


UNIT    COSTS 

Total  number  of  yds.  in  founrlation 31 

Cost    of   excavating    and    placing 

foundation    Si. 50  per  yd. 

Total  number  of  yds.  in  base  and  tanl<..16l 

Cost   of   placing   concrete $1.74  per  yd. 

Total   cost  of  concrete   in   struc- 
ture     $9.52  per  yd. 

4.7  tons  of  steel  in  place  complete 
Cost  of  placing  steel  in  place. .  .$21.25  per  ton 
Average  cost  of  steel  in  place.  .$2.20  per  cwt. 
Contract  price    $2,450.00 

The    use    of   steel    forms    reduced 


the  usual  cost  of  concrete  in  place 
about  $6.00  per  yd.,  as  there  were 
no  form  costs  on  this  job  except  in 
the  form  of  a  nominal  equipment 
charge. 

The  tank  was  built  by  James  A. 
Higgs,  Jr.,^  for  the  Atkin  Mantel 
Mfg.  Co.  and  will  serve  the  fire 
sprinkler  system  of  both  the  factory 
and  the  Colonial  Hotel  adjoining, 
which  are  owned  bv  C.  B.  Atkin. 


Placing  the  Blame  for  Poor 
Work 

Under  the  heading  "Placing  the 
Blame  for  Poor  Concrete  Work"  the 
Architect  and  Engineer  of  Califor- 
nia makes  some  interesting  com- 
ments on  the  irresponsibility,  fre- 
quently of  the  low  bidder.  The 
criticism  follows: 

AVe  hear  a  preat  deal  about  poor  con- 
crete construction  due  to  incompetent 
handling.  .Tust  as  frequently  we  hear 
the  architect  criticized  for  awarding  a 
contract  to  an  irresponsible  cement  man. 
Now,  as  a  matter  of  fact,  the  real  cul- 
prits, if  culprits  they  may  be,  are  neith- 
er the  architect  nor  the  engineer,  but 
most  frequently  the  corporation  that 
sells  the  material,  knowing,  at  the  time, 
that  it  is  bargaining  with  a  %veakling. 
If  the  manufacturer  .should  decline  to 
sell  his  product  to  this  fellow  unless  he 
submitted  satisfactory  proof  of  his  good 
standing  financially  and  professionally, 
there  would  be  very  small  chance  for  a 
failure.  It  would  be  up  to  the  archi- 
tect or  owner  to  reaward  the  contract 
to  a  responsible  bidder.  The  trouble 
heretofore  has  been  that  the  manufac- 
turers— lioth  of  cement  and  the  machin- 
ery with  which  it  is  mixed — in  their  mad 
rush  to  corral  the  business,  have  been 
encouraging  everyone  who  desired  to  go 
into  business  for  himself  to  enter  the 
concrete  game.  The  general  public  seems 
to  be  firmly  convinced  that  anyone  who 
can  build  a  concrete  form,  and  that 
anyone  who  can  turn  a  shovelful  of 
grout  can  make  concrete.     To  illustrate: 

Comes  now  .John  Smith,  out  of  a  job.  or 
looking  for  new  fields.  Tie  sees  an  adver- 
tisement for  a  block-machine,  we'll  sav. 
which  looks  attractive.  His  order  is  prompt- 
ly mailed  and  machine  received.  He  borrows 
his  neighbor's  vacant  barn  for  use  as  a  shop, 
buys  three  or  four  sacks  of  cement  from  the 
lumber  yard  and  has  a  load  of  s<and  sent  no. 
Within  a  day  he  is  making  concrete  blocl:s 
and  has  some  letterheads  struck  off,  giving 
his  name  as  "general  concrete  contractor"— 
that  always  "listens"  good.  Meanwhile. 
Brown,  the  other  concrete  man  in  town,  is 
figuring  with  Jones  on  the  erection  of  a  con- 
crete block  house;  Smitli  hears  of  the  job 
and  goes  after  it.  Naturally,  he  has  no 
reputation  to  help  him  land  the  work  fand 
none  to  sustain,  either),  so  he  plans  his  ad- 
vantage from  the  low-cost  standpoint:  he 
bids  two  or  three  cents  lower  per  block  in 
order  to  get  the  first  job  and  "sliow  what  he 
can  do."  Within  a  short  time  he  is  known 
as  "Cheap  John,"  is  kept  busy  repairing  his 
jobs,  replacing  poor  material,  and  dodging 
his  creditors.  Finally  his  shop  is  closed,  or 
Brown,  whose  business  he  has  greatly  in- 
jured, magnanimously  buys  him  out. 

This  is  not  imaginary.  Pity  is,  it's 
true.  Not  one  concern  alone  is  to  blame, 
nor  one  man. 

In    a    certain   concrete    journal,'    Sep- 
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tember  issue,  there  appeared  a  long  ar- 
ticle, illustrated,  showing  $20,000  worth 
of  concrete  culverts  and  bridges  in  the 
state  of  Iowa,  which  will  have  to  be 
entirely  rebuilt  by  their  erectors  because 
it  wasn't  "concrete  for  permanence." 

We  know  of  a  certain  county  in  Illi- 
nois where  bids  were  recently  opened  for 
construction  of  a  13-ft.  span  bridge. 
The  engineer's  estimate  was  $1,140. 
Bidders  were  11  in  number.  Bids  ranged 
from  a  maximum  of  .?1,3S0  down  to 
$.S50.  No  amount  of  clean,  square  get- 
together  could  have  changed  that  situa- 
tion. The  plain  fact  is  that  at  least 
half  the  men  bidding  knew  absolutely 
nothing  about  their  own  business. 

How  many  manufacturers  of  cement 
and  machinery  take  these  facts  into  ac- 
count? How  many  survey  the  field  and. 
on  finding  that  there  are  already  too 
many  engaged  in  the  same  line  of  busi- 
ness in  their  commimity,  advise  the  pros- 
pective purchsaer  to  that  effect?  How 
many,  on  tiie  other  hand,  are  merely  af- 
ter the  order,  carinn-  notliing  aliout  the 
future  of  the  industry? 


Relative  Durability  of  Stucco 
and  Staff 

The  question  of  the  durability  of 
the  Fine  Arts  Palace  of  the  Panama- 
Pacific  exposition  is  one  that  has  at- 
tracted considerable  attention,  and 
Bernard  R.  Maybeck,  the  architect 
of  the  building,  has  just  made  a 
statement  in  this  connection.  Pre- 
facing his  remarks  by  stating  that 
there  seemed  to  be  a  general  im- 
pression that  a  large  sum  of  money 
is  needed  in  order  to  preserve  the 
Fine  Arts  Palace,  he  says: 

The  Fine  .'Vrts  Palace  is  on  U.  S. 
property;  eight  columns  and  a  piece  of 
the  altar  are  on  Lyon  street,  San  Fran- 
cisco property.  The  foundation  is  on 
piles  and  good  soil.  The  walls  are  of 
concrete.  The  roof  is  of  concrete  and 
glass.  The  building  is  absolutely  fire- 
proof. The  construction  of  the  rotunda 
and  colonnade  and  decorations  is  of 
wood,  very  heavy  on  accoimt  of  the  great 
concentration  loads.  The  colonnade  was 
calculated  to  carry  tons  of  wet  earth, 
which  was  never  put  onto  the  roof.  The 
Fine  Arts  Palace  was  constructed  by  the 
best  engineers  the  Exposition  company 
could  find;  if  anything,  it  is  too  strong. 
If  San  Francisco  were  shaken  by  an 
earthquake  the  Fine  Arts  Palace  would 
be  the  last  to  go.  The  staff  work  is  cast. 
It  is  made  of  nephi  plaster  and  wood 
fiber,  is  not  put  on  with  a  trowel  as  on 
bungalows,  but  is  stratified  in  the  casting, 
like  stone,  and  will  not  peel  off.  If  the 
Fine  .\rts  Palace  were  in  another  climate 
the  ornamental  surface  would  soon  be  de- 
stroyed by  ice,  snow  and  beat,  but  in 
San  Francisco  Mission  Dolores  still 
.stands,  made  of  mud  and  straw.  If  let 
absolutely  alone  the  Palace  of  Fine  .\rts 
will  outlast  us.     It  has  cost  $700,000. 

The  interesting  thing  in  this  state- 
ment is  the  difference  in  the  be- 
liavior  of  staff"  buildings  on  the  Pa- 
cific coast  from  those  in  other  parts 
of  the  country. 
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Design  and  Construction  Features  of  a  Sand   and 
Gravel  Storage  Plant 


Bv  (i.   D.  Crain-,  Jr.i 


Scvural  imiisu.il  1  (■.iliircs  are  fin- 
braci'd  in  tlic  sand  and  gravel  storage 
plant  which  has  recently  been  put 
into  operation  by  the  Ohio  River 
Sand  Co.  at  I.ouisvillc.  Ky.  The 
plant,  distant  several  miles  from  the 
com])any"s  yards,  is  designed  for 
storage  of  materials  for  wagon  haul- 
ing in  that  part  of  the  city  and  for 
delivery  to  the  street  railway  com- 
pany, which  has  built  a  switch  into 
•the   storage   plant. 

Tlie  plant  is  lo<'ated  on  a  spur  of 
a  belt  line  whieli  passes  around  the 
-city,  so  that  deliveries  to  it  may  be 
made  directly  from  the  company's 
switch  at  its  own  yards,  where  rail- 
TO.ad  cars  may  be  loaded,  by  steam 
Tailroad. 

This  plant  consists  of  two  cj'lin- 
drical  reinforced  concrete  bins,  each 
supported  on  eight  reinforced  con- 
crete columns,  a  reinforced  concrete 
lioppcr  into  which  the  materials  are 
dum)ied  from  railway  cars,  equip- 
ment for  elevating  the  sand  and 
-gravel  -into  tlie  bins  and  spouting 
systems  for  discharging  the  contents 
into  wagons   or  cars. 

The  capacity  of  eaeli  bin  is  ,'!'2.") 
cu.  yds.  of  sand  or  gravel  and  each 
of  these  bins  is  2(1'  6"  inside  diam. 
and  -25'  high.  The  walls  have  a 
uniform  thickness  of  8"  and  the  bot- 
toms are  sloped  to  facilitate  dis- 
charging the  contents  of  the  tanks 
through  the  spouts,  three  of  these 
being  supplied  for  each  bin,  two  to 
load  wagons  and  one  each  to  load 
cars.  The  bins  rest  on  reinforced 
concrete  columns ;  the  distance  from 
bottom  of  bins  to  top  of  column  foot- 
ings is  29'. 

Across  the  top  of  each  bin  there  is 
a  reinforced  concrete  slab  wliich 
covers  the  central  portion  of  the  bin. 
the  slab  being  5'  6"  wide  and  3" 
thick.  It  spans  the  distance  from 
■wall  to  wall  and  is  carried  by  ff-in.  x 
15-in.  reinforced  concrete  beams. 
at  the  outer  edges  of  the  slab.  Above 
the  two  bins,  resting  upon  a  portion 
of  the  top  of  tlie  wall  of  each,  is  a 
concrete  block  motor  house,  enclos- 
ing a  30-h.  p.  motor,  and  other  ma- 
chinery required  to  operate  the  con- 
veyor system.  This  house  is  about 
10'  X  12'  and  8'  high.    At  the  bases 
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of  the   bins   is   the  office   and    weigh 
room,  constructed  of  concrete  block. 

DESIGN 

In  designing  the  cylindrical  bins, 
the  sand  or  gravel,  was  assumed  to 
weigh  117  lbs.  per  cu.  ft.  The  angle 
of  surcharge  and  the  angle  of  repose 
were  taken  as  28°  minimum  and  40° 
maximum,  the  angle  of  friction  of 
gravel  on  concrete  was  assumed  to 
he  ,31°.  The  computations  as  to  lat- 
eral pressure  on  the  circular  walls 
were  made  according  to  the  formula. 
.'53.22  h-  where  "h"  is  the  height 
in  ft.  The  allowable  compressive 
stress  in  the  concrete  was  taken  at 
6.^0  lbs.  per  sq.  in.  and  the  allowable 
tensile  strength  in  the  reinforcing 
steel  at  16.000  lbs.  i)er  sq.  in.  Tiie 
.■illowable  bearing  power  of  each  con- 
crete pile  was   15  tons. 

Figure  2  shows  a  cross-section  of 
the  reinforced  bin.  its  principal  divi- 


sions, size  and  arrangement  of  rein- 
forcement of  the  8-in.  walls,  and  the 
supporting  columns  and  footings,  to- 
gether with  the  dis|)osition  of  the 
slopes  at  the  bottoms  of  the  bias  to 
facilitate  spouting  of  the  contents. 

Figure  4  shows  detail  drawings  of 
a  beam,  in  the  bottom  of  the  rein- 
forced   concrete   bin. 

CONSTRUCTION  METHODS 

•Some  of  the  Simplex  concrete 
jiiles'-  on  which  the  concrete  footings 
rest  were  driven  39'  below  grade, 
footings  and  columns  both  being 
heavily  reinforced.  The  illustrations 
show  a  foundation  plan,  the  arrange- 
ment and  sizes  of  the  column  foot- 
ings and  the  concrete  hopper  at  the 
clev.ation  of  the  ground  surface,  the 
number  ,ind  arrangement  of  the  con- 
crete piles,  also  details  of  the  rein- 
forced columns. 

It  will  be  noted  that  the  hopper  is 
spanned  by  a  railroad  track  through 
which  the  sand  and  gravel  are  dump- 
ed and  thence  conveyed  to  the  bins. 

The  construction  company's  plant 
on  the  ground  included  a  lO-ft. 
Smith^  mixer,  with  a  wood  tower  by 
which  the  concrete  was   raised   and 


'Simplex   Concrete  Piling  Co.,   Philadelphia 
'T.   L.   Smith  Co.,   Milwaukee 


Fig.   1 — Saxd  axd  Cbavei.  Distribctin'g  Plast  at  LovtsviLLE,  Ky. 
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Fig.  2 — Section  Through  Bin  Showing 
Slope  of  Bottom  and  REiNFOKCEaiENT 

chuted  directly  into  the  forms.  This 
mi.xer  had  a  maximum  capacitj'  of 
about  65  yds.  per  da. 

Wood  forms  were  used  throughout 
in  constructing  bins  and  the  column 
supports.      The  columns   offered  no 


Fig.  4 — Section  of  Center  Beam 

unusual  problems,  two-in.  tongue  and 
groove  flooring  being  used.  In  mak- 
ing the  forms  for  the  bins  consid- 
erable ingenuity  was  displayed. 

The  forms  were  cut  at  the  con- 
tractors' mill,  a  total  of  two  carloads 
of  lumber  being  used.  The  flooring 
for  the  wall  forms  was  braced  with 
bands  formed  of  2-in.  lumber  cut  to 
correspond  to  the  curve  of  the  bins. 
These  pieces  were  sawed  at  the  mill 
from  2-in.  x  6-in.  stock,  the  concave 
pieces  being  used  for  the  outside 
bands,  or  hoops,  and  the  convex 
pieces  forming  the  ribs  for  the  inter- 
ior forms.  AVith  the  uniform  curves 
these  segments  could  be  overlapped 
as  much  or  as  little  as  proved  de- 
sirable, and  were  nailed  together  at 
the  ends,  the  walls  of  the  forms  be- 
ing tacked  to  them  from  the  inside. 
This  made  it  possible  for  sections  of 
the  forms  to  be  put  together  on  the 
[SSO] 


ground  and  assembled  on  the  floors 
of  the  bins.  The  outer  walls  were 
further  strengthened  by  steel  hoops 
while  bracing  timbers  were  used  on 
the  inside.  The  required  wall  thick- 
ness was  maintained  by  wood  spacers 
from  inner  wall  to  outer,  these  being 
poured.  The  form  construction  is 
well  shown  by  the  illustrations. 

Bins  were  poured  in  two  sections; 
14-ft.  lagging  was  used  for  forms. 
Clean,  sharp  washed  river  sand  and 
washed  river  gravel  were  used,  with 
Kosmos  Portland  cement,  the  mix 
throughout  being  1:2:4.  Standard 
handling  and  quality  specifications 
were  adhered  to  throughout,  the 
gravel  being  •'4"  or  under.  In 
pouring  the  concrete  the  engineer's 
directions  provided  that  the  concrete 
work  between  the  spring  of  the  gir- 
der haunches  and  4'  above  this  point 
or  about  1'  above  the  bottom  of  the 
tank  wall,  was  to  be  poured  in  one 
operation. 

Altogether  about  1,000  cu.  yds.  of 
concrete  were  required  for  construc- 
tion of  the  two  bins. 

MECHANICAL    EQUIPMEXT 

The  elevator  equipment*  raises  the 
sand  or  gravel  from  the  hopper  into 
which  it  is  dumped  from  the  railroad 
cars.  From  this  hopper  a  chain  ele- 
vator, carrying  manganese  steel 
buckets,  extends  to  the  motor  house 
on  the  top.  Tlie  elevator  is  enclosed  in 
a  4-ft.  X  5-ft.  boot,  composed  of  14- 
in.  cast  iron  plates  and  made  in  sec- 
tions of  13'  each,  the  whole  rising  to 
a  point  about  82'  above  the  hopper. 
At  approximately  this  elevation  the 
bucket  elevator  dumps  into  a  small 
hopper    from   which   the   material   is 


*TayIor-Warden    Iron    &    Steel    Co.,    Hieh 
Bridge,  N.  J. 
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Fig.  5 — Details  of  Footing  Reinforce- 
ment 

spouted  into  either  bin,  one  being 
used  exclusively  for  sand  and  the 
other  for  gravel. 


About  four  months  were  required 
to  build  the  plant,  which  was  con- 
structed by  the  National  Concrete 
Construction  Co.^  on  a  cost  and  per- 
centage basis.  With  machinery 
equipment,  estimating  the  sand  and 
gravel  at  market  prices,  cost  is  said 
to  be  between  $30,000  and  $33,000. 

As  the  aggregate  was  supplied 
by  the  owners  it  was  decided  to  han- 
dle the  work  on  a  cost  and  percen- 
tage basis  instead  of  by  contract. 
All  vouchers,  bills,  checks,  payrolls, 
etc.,  were  made  out  by  the  builders 
in  duplicate  and  at  the  end  of  the 
month  presented  to  the  sand  com- 
pany, which  gave  its  check  for  the 

"Louisville,  Ky. 


ziS 


"'-^ 


<?--fc"i     S-&    1^-6"  I    ^-S     I     S'S"  \  '^■^\    cr-'^"|    <y-6' 


^ 


'cm 


E5:\ 


3',o\  <k'^        \        6- J      .\s'-oy         7'c'        \^'0 


■\    O    :>    -.^    -';    ■'■    ;;•  -T^ 


^-'6   I    of-'6"    I  ^-'6' 


r,   w  o  ''-J  ■■-■  ■-■  ^ '  '■■  '- 


Fio.  3 — Footing  Pijvn  and  Column  Deta 


May,  19m 


CONCRETE 


total.  Wlicn  the  work  was  three- 
lourths  done  a  |)roportionate  amount 
of  the  estimated  commission  coming 
to  tlie  builder  was  paid  him  and  the 
remainder,  figured  on  the  total  costs 
of  tiie  work,  at  the  end.  For  this 
reason,  as  well  as  owinjj  to  the  diffi- 
culty of  going  through  all  the  rec- 
ords of  the  operation,  as  would  be 
necessary,  it  is  not  possible  to  quote 
detailed  costs  of  the  various  steps, 
which  have  not  been  computed.  It 
may  suffice  to  say  that  the  costs  were 
held  down  to  a  point  satisfactory  to 
the  owners  of  the  jilant. 

The  plant,  which  has  worked  satis- 
factorily from  the  outset,  has  proved 
an  excellent  investment.  With  the 
low  handling  cost  and  reduction  of 
the  hauling  cost  and  haul  itself  ac- 
^'omplislied,  the  company  has  been  in 
position  to  handle  many  orders 
which  otherwise  might  have  been  out 
of  reach.  The  plant  is  close  to  a  sec- 
tion which  is  rapidly  building  with 
homes  and  factories  and  much  of  the 
building  material  passes  through  this 
plant,  while  the  Louisville  Ry.  Co. 
has  been  equipped  to  haul  sand  and 
gravel  from  this  plant  not  only  to  its 
own  work  in  the  city  but  to  the  build- 
ers located  on  the  interurban  lines 
of  the   company. 


Replacing  the  Old  Porch 

The  most  troublesome  parts  of 
residence  property  to  keep  in  re- 
pair, with  the  possible  exception  of 
the  roof,  are  the  porch  and  the  steps; 
a  carpenter  replacing  this  part  of  a 
house  is  a  common  sight.  The  con- 
crete porch  is  becoming  appreciated 
and  the  concrete  contractor  should 
he  able  to  secure  his  full  share  of 
repair  work. 

The  foundation  should  be  care- 
fully considered  and  a  trench  wall 
or  piers  sunk  to  sufficient  depth  to 
be  below  frost  and  on  solid  ground. 
Above  ground  to  the  level  of  the  un- 
der side  of  the  floor,  the  wall  can  be 
poured  in  forms  or  laid  up  with 
hlock  or  other  units. 

The  floor  is  sometimes  laid  on  fill 
— if  this  is  done  the  fill  must  be 
placed  in  thin  layers  well  wet  down 
and  very  thoroughly  packed.  A 
floor  on  nil  should  be  reinforced  to 
take  care  of  strains  caused  by  un- 
ven  settling. 

More  often  it  is  economical  and 
satisfactory  to  build  a  reinforced 
■concrete  slab  without  fill.  It  is  some- 
thing of  a  problem  properly  to  sup- 
port the  slab  next  the  building,  as 
usually  there  is  no  wall  or  pier  avail- 
-able.  This  can  be  satisfactorily  ac- 
<;omplished  as  follows :  Secure  a 
piece  of  channel  iron  of  a  size  suffi- 
cient to  support  the  slab  on  the  re- 
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quired  span  and  cut  a  hole  in  the 
house  foundation  wall.  The  channel 
will  be  supported  on  tlie  foundation 
walls  of  the  house  and  porch.  Use 
a  channel  or  an  angle  iron  next  the 
wall  of  the  house  at  right  angles  to 
the  first  channel,  support  it  on  the 
porch  wall  and  the  lower  flange  of 
the  first  cliannel.  Where  the  porch  is 
long  and  must  be  divided  into  sev- 
eral slabs,  reinforced  concrete  beams 
can  be  built  from  the  front  wall  to 
the  house  wall,  and  channels  or 
angles  along  the  house  wall  placed 
so  as  to  be  cast  into  the  beams  at  in- 
tersections. 

Another  way  that  will  prove  satis- 
factory is  to  use  T  irons  as  trans- 
verse supports,  cutting  the  joists  be- 


I-'iG.  1 — Detail  of  .Method  of  Suppokt- 
1X0   Forms 

Fio.  2 — Method  of  Securing  \  Con- 
crete Porch  to  a  Frame  Building 

tween  the  slabs  directly  over  the 
web  of  the  T.  Do  not  use  a  channel 
or  an  I,  as  it  is  impossible  to  secure 
a  satisfactory  floor  over  the  upper 
flange. 

Floor  forms  are  now  placed  under 
the  steel  and  can  be  built  of  waste 
lumber,  as  the  appearance  of  the  un- 
der side  of  the  slab  is  of  no  impor- 
tance. They  must  be  strong — able 
to  support  the  wet  concrete  without 
springing.  Forms  are  placed  for  the 
edge  of  the  floor  slab,  which  should 
in  most  cases  project  beyond  the 
edge  of  the  foundation  and  the  balus- 
trade, for  proper  appearance,  al- 
though in  some  eases  the  foundation 
wall  and  the  balustrade  are  continu- 
ous and  the  porch  floor  is  laid  en- 
tirely inside  the  wall. 

BUILDIXG  THE  FORM 

When  the  wall  is  poured  in  forms 
it  is  an  easy  matter  to  build  the  form 
for  the  floor  projection,  but  the  prob- 


lem of  securing  the  form  to  walls 
built  of  block  or  with  a  hollow  wall 
machine  is  less  obvious. 

It  is  easily  accomplished,  however 
(Fig.  1).  When  laying  the  wall  the 
last  course  of  block  or  concrete  is 
built  over  pieces  of  wood  lath  which 
project  about  2"  from  the  face  of 
the  wall.  These  support  a  strip  of 
wood  with  its  upper  edge  at  the 
proper  height  to  carry  the  overhang. 
It  may  be  necessary  to  use  blocks 
under  the  strip  and  tacked  to  it  to 
adjust  it  to  the  exact  height.  A  nail 
is  driven  up  through  the  lath,  eff'ec- 
tually  securing  the  bottom  of  the 
form  in  position  against  the  wall. 
Molding  or  strips  can  then  be  built 
up  to  the  form  desired  and  the  top 
of  the  form  secured  by  stays  to  any 
available  point  of  support. 

REINFORCING 

The  type  of  reinforcing  to  be  used 
for  porch  floor  slabs  varies  with  the 
extent  and  shape  of  the  work,  size 
of  slabs  and  form  of  reinforcing 
most  easily  obtained. 

For  a  long  narrow  piazza,  where 
the  floor  is  carried  on  reinforced 
beams  or  T  irons,  it  is  probable  that 
a  wire  mesh  would  be  most  economi- 
cal and  easily  placed.  For  a  wide 
short  porch  rods  in  both  directions 
would  probably  prove  the  better 
method. 


Concrete  Step  at  Drinking 
Fountains 

The  accompanying  illustration  is 
from  a  sketch  by  C.  N.  Wiley,*  who 
suggests  the  use  of  a  concrete  step 
to  enable  children  of  difi'erent 
heights  to  reach  the  water. 


Concrete  Step  foe  Drinking  Focntaix 


Such  steps  are  being  used  to  some 
extent  and  are  a  great  convenience. 
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Reports   of  Committees,    National   Conference   on 
Concrete  Road  Buildins: 


A  consideration  of  the  re- 
ports of  Committees  1i  to  17, 
inclusive,  of  the  Second  Na- 
tional Conference  on  Concrete 
Road  Building  completes  the 
reports  ahstracted  in  the  Mar., 
1916,  and  the  Apr.,  191G, 
issues. 

Committee  14 — Methods 
and  Costs  of  Main- 
tenance 

Chairman,  A.  H.  Hinkle;^  L.  C. 
Herrick,^  John  W.  Mueller/ 
Maurice  Hoeffken.* 

A  part  of  the  report  of  the  Com- 
mittee on  Methods  and  Costs  of 
Maintenance  is  taken  up  with  an 
article  by  A.  H.  Hinkle,  chairman 
of  the  committee,  describing  in  con- 
siderable detail  repair  work  by  the 
Bur.  of  ^Maintenance  and  Repair  of 
the  Ohio  State  Highway  Dept.  The 
recommendations  for  repair  and 
maintenance  as  embodied  in  conclu- 
sions of  the  committee's  report  are 
based  practically  on  the  Ohio  work. 
The  conclusions  of  the  committee  are 
stated  in  abstract  as  follows: 

CLASSES   OF  DEFECTS 

The  method  of  making  repairs  to  a 
concrete  road  will  depend  upon  the  na- 
ture of  the  defects. 

The  nature  of  defects  which  determine 
the  methods  to  be  used  in  repairing 
them  may  be  classified  under  five  differ- 
ent heads  as  follows: 

(a)  Joints  and  cracks. 

(b)  Small  holes  (frequently  caused  by 
pieces  of  wood  or  clay  in  the  aggregate, 
which  might  be  as  well  classified  under 
"a"),  and  shallow  depressions,  the  latter 
not  exceeding  %"  to  %"  in  depth. 

(c)  Depressions  in  the  surface  deeper 
than  those  described  under  "b,"  which 
cannot  be  successfully  filled  with  a  layer 
of  tar  covered  with  sand. 

(d)  Broken-up  portions  of  the  pave- 
ment which  require  replacement  with 
new  concrete. 

(e)  Where  the  entire  surface  is  disin- 
tegrated or  of  such  quality  that  it  will 
not  meet  the  demands  of  the  traffic  which 
are  to  come  on  it  and  hence  must  be  re- 
surfaced with  tar  and  sand  or  some 
form  of  bituminous  concrete. 


'Deputy  Highway  Comnir.,  Ohio  State  High- 
way Dept.,  Columbus,   Ohio 

=Co.  Engr.,   Huron  Co.,  Norwalk,  Ohio 

=C.   Engr.,  New  Castle,  Ind. 

*Hoefrken  Bios.  Supply  &  Const.  Co., 
Contrs.,  Belleville,   111. 


While  there  is  no  doubt  as  to  what 
work  would  fall  under  Class  (a)  and 
usually  no  question  what  would  should 
come  under  Class  (b),  it  is  quite  evident 
that  many  repairs  must  be  made  either 
according  to  Method  (c)  or  Method  (d), 
depending  on  circumstances.  Conditions 
might  be  such  that  it  would  be  more 
economical  and  practical  to  maintain  a 
tar  macadam  patch  than  to  replace  the 
defective  pavement  with  new  concrete, 
even  though  the  defective  portion  be  of 
considerable  size.  .Mso  when  to  use 
Alethod   (e)  is  a  question  for  debate. 

HEPAin     METHODS 

(a)  .Joints  and  cracks  can  be  success- 
fully treated  by  thoroughly  cleaning 
them  and  filling  when  dry,  and  prefer- 
ably durins  warm  weather,  with  hot  tar, 
then  covering  with  dry  sand  or  screen- 
ings. The  tar  should  be  permitted  to 
lap  over  the  spalled  edges  of  the  crack, 
but  not  to  exceed  1".  The  most  desir- 
able covering  is  clean,  coarse  sand  or 
clean  screenings  of  stone,  slag  or  gravel, 
that  will  pass  a  'i-'n.  circular  opening, 
and  he  retained  on  a  3/16-in.  mesh 
screen.  Experience  has  shown  that  the 
grade  of  tar  which  gives  best  results  for 
this  is  one  that  will  pass  a  specification 
similar  to  that  for  Bituminous  Material, 
T-1,  is  given  in  Part  2  of  this  report. 
The  tar  should  be  poured  when  hot 
enough  to  run  readily  into  the  crevices 
of  the  pavement  (about  200'  F.  to  350° 
F.).  It  is  believed  that  no  large  excess 
of  the  tar  should  be  used,  as  the  fre- 
quent use  of  sue]]  an  excess  might  even- 
tually build  up  an  elevation  on  the  sur- 
face which  would  be  objectionable  to 
traffic.  The  covering  of  screenings  or 
sand  should  be  put  on  immediately  after 
pouring  the  tar  so  that  while  in  the 
liquid  stale  it  will  unite  with  the  screen- 
ings or  sand  In  sufficient  degree  to  pre- 
vent the  tar  from  sticking  to  wheels  of 
vehicles  or  melting  during  hot  periods 
and  running  from  the  cracks. 

The  use  of  a  mastic  consisting  of  a 
mixture  of  hot  tar  and  sand.  In  place 
of  pure  tar,  for  filling  the  cracks  and 
joints,  gives  promise  of  excellent  results; 
but  perhaps  it  is  too  soon  to  give  defi- 
nite specifications  for  this  mixture.  The 
filling  of  the  larger  and  more  open 
cracks  or  joints  with  the  mastic  and  the 
use  of  the  pure  tar  for  filling  the  minor 
openings  in  the  pavement  and  such  as 
are  made  necessary  by  settlement  after 
the  joints  have  been  originally  filled  with 
the  mastic^  may  be  found  to  be  most 
satisfactory. 

.\  pouring  can  with  a  round  or  ver- 
tical spout  is  very  satisfactory  for  pour- 
ing tar  in  filling  cracks  and  joints.  In- 
asmuch as  it  is  desired  that  the  tar  shall 
lap  over  the  edges  of  the  crack  or  joint, 
the  use  of  a  conical  pouring  can  would 
be  of  doubtful  economy. 

(b)  Small  holes  and  shallow  depres- 
sions can  be  successfully  treated  as  fol- 
lows: Clean  surface  thoroughly.  Where 
the  surface  is  disintegrated.  It  should 
first  be  thoroughly  swept  with  a  steel 
broom  in  order  to  remove  all  loose  spalls 
or  foreign  matter;  afterward,  the  dust 
must  be  removed  by  sweeping  with  a 
rattan    or    house    broom.      The    hot    tar 


(T-1)  is  then  applied  to  tlie  dry  con- 
crete and  rubbed  well  with  a  squeegee 
or  stiff  broom  to  secure  a  good  bond  to 
the  surface  of  the  concrete.  The  tar  is 
then  covered  with  coarse  sand  or  screen- 
ings (V-i"  to  3/16")  of  stone,  slag  or 
gravel.  The  amount  of  tar  used  will 
vary  from  XU  gal.  to  1  gal.  per  sq.  yd., 
depending  upon  the  depth  of  the  depres- 
sion to  be  filled.  Where  more  than  % 
gal.  per  sq.  yd.  is  used,  it  should  be 
applied  "m  two  coats  and  the  excess 
screenings  swept  off  before  the  second 
coat  Is  applied.  The  more  tar  that  is 
able  It  is  to  have  the  coarser  material 
applied  to  the  surface,  the  more  desir- 
for  a  covering.  In  filling  small  holes 
the  application  of  the  tar  in  two  layers 
would,  of  course,  be  unnecessary. 

(c)  To  repair  larger  holes  and  deeper 
depressions  than  those  discussed  under 
(b):  Thoroughly  clean  and  paint  the 
surface  with  tar  (T-1).  Fill  the  hole 
or  depression  with  broken  stone,  prefer- 
ably of  such  size  that  they  will  not  ex- 
ceed In  diameter  ''!>  the  depth  of  the 
depression  to  be  filled  nor  exceed  in  size- 
stone  suitalile  for  an  ordinary  tar  mac- 
adam. The  stone  should  be  leveled  off 
and  compacted  as  well  as  may  he  by 
tamping  or  rolling  so  as  to  conform  to- 
the  true  surface  of  the  road.  The  voids 
are  then  filled  with  the  hot  tar  and 
screenings  applied  to  the  surface,  which 
is  aerain  compacted  and  treated  as  in 
building  a  tar  macadam.  (Penetration 
Method.) 

The  use  of  a  cold  mix  consistins  ,of 
clean,  hard  stone  chips  coated  with  a 
coal  tar  cutback,  for  filling  such  holes 
and  depressions,  as  descrilied  under  the 
above  paragraph,  has  been  followed  to- 
some  extent,  with  very  promising  results. 
The  stone  chips  are  first  thoroughly  coat- 
ed with  the  cold  tar  preparation  by  turn- 
ing with  shovels  after  the  tar  has  been 
sprayed  upon  them,  as  in  mixing  ordi- 
nary cement  concrete.  The  mixture  is 
then  permitted  to  stand  a  few  days  until 
the  lighter  oils  vaporize  from  the  tar, 
which  leaves  the  stone  coated  with  the 
heavy  tar.  The  coated  chips  are  then 
well  tamped  into  the  hole  or  depression 
to  he  filled,  the  shallower  depressions 
being  first  painted  with  the  pure  tar. 
Coarse  sand  or  fine  screenings  .ire  then 
spread  over  the  surface.  If  the  voids 
appear  quite  open  after  the  coated  chips 
have  lieen  thoroughly  tamped,  a  light  ap- 
plication of  the  tar  is  made  to  seal  up 
the  voids  before  the  surface  screenings 
are  applied. 

(d)  Where  the  pavement  is  disinte- 
grated badly  or  broken  clear  through  so- 
as  to  require  re-buildinir,  it  should  be 
cut  away  with  vertical  edges.  .-Vfter  the 
sub-grade  Is  leveled  and  compacted  and 
the  edges  and  the  sub-grade  thoroughly 
dampened  (but  the  foundation  not  made 
muddy),  the  part  cut  aw-ay  is  replaced 
with  new  concrete  conforming  in  quality 
as  nearly  as  possible  to  the  concrete  of 
the  surrounding  pavement.  It  is  well  to 
coat  the  edges  of  the  old  concrete  with 
cement  grout.  Care  should  be  taken  that 
the  surface  of  the  new  concrete  con- 
forms to  the  surface  of  the  adjacent 
concrete.  The  new  concrete  should  be 
kept  well  dampened  for  about  7  das.,, 
and  protected  from  traffic  (10  das.  in 
warm  weather  and  much  longer  In  cold 
weather)  until  thoroughly  hardened.  If 
the  replacement  is  over  an  excavation  the 
concrete   should   be   properly   reinforced. 

(e)  The  use  of  a  tar  top  over  the  en- 
tire surface  to  protect  and  maintain  a 
f/ood  concrete  road  Is  not  neces_sary  and 
is  of  doubtful  economy.  It  may  be  desir- 
able   and    economical    to    maintain    such 
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a  concrete  road  not  made  of 


■Whatever   grade  of  tar   is   use 


d   it   is       available  and  apply  on  short  notice  ad- 
e  or  more  in  the 


It  is  very  necessary  that  the  surface 
be  tlmrouphlv  drv  and  properly  cleaned 
before  the  tnr  is  applied.  It  may  be 
advisable  to  nili  the  surface  well  with 
a  steel  broom  >ipon  which  considerable 
pressure  is  l)rou)iht  to  bear,  in  order  to 
remove  any  laitance  and  the  fdm  of 
"dead"  concrete  frequently  found  on  the 
surface  of  the  concrete,  especially  that 
which  has  not  been  properly  protected 
airainst  too  rapid  dryinjr.  If  traffic  is 
allowed  to  use  the  surface  a  few  months 
this  film  would  be  ground  off.  The  dust 
should  then  be  rcnuived  In'  carefully 
sweeping  with  house  brooms  or  some 
more  satisfactory  method. 

There  seems  to  be  some  question  as 
to  the  grade  of  tar  to  use  for  this  pur- 
pose. Material  as  heavy  as  that  pass- 
ing the  specifications  for  Bituminous 
Material  T-1  has  licen  used,  and  mate- 
rial as  light  and  even  lighter  than  that 
passing  the  specifications  for  Bituminous 
Material  H.  T-1. 


Iiefore  the  second  appli' 
put  on.  Sufficient  .screenings  should  be 
applied  to  the  surface  to  prevent  the 
tar  from  sticking  to  the  wheels  of  ve- 
hicles.     It    will    be    necessary    to    have 


Crete  pavement  which  is  cracked  and 
worn  so  as  to  be  quite  unserviceable, 
as  a  foundation  for  some  form  of  a 
bituminous    concrete    surface,    or    rein- 


SrETUii 


Hitiminois  M» 


H.    T.l 


Table  1— Taken  fbom  1915  Annuai.  Report 


COS-CRETE    ROAIIS    REP.IIRED    BY    OHIO    STATE    HIGHWAY    DEPARTMENT 

AMOUNT  EXfESOED 

P.vFMKNT  From  Nov.  16, 19U,  to  Dec.  31, 1915 


1915    .Ashtabula 
1012    Ashtabuhi 


lau    Coshocton     ..450     H 


1913     Franklin 


HIGH    CARBON    TAR 

Bituminous  material  H.  T.-l  shall  inchirtc 
onlv  coal  tar  prortiict.s  which  .shall  meet  the 
followinit  requirements: 

(1)  The  tar  .ihall  have  a  sp.  gr.  of  not  less 
than   l.is  niir  more  than   1.250. 

(»)  On  extraction  with  carbon  disnlphitie 
it  shall  ci>ntain  not  more  than  20%  nor  less 
than   10",    free  carbon. 

CI)  Ipon  innition  it  shall  show  not  over 
0.5';    inorRanic  residue.  ,   u     n » 

(4>  The  consistency  as  (letermined  by  the 
Howard  «£  Morse  float  apparatus  at  a  tem- 
perature of  .T.'"  C.  .shall  he  not  less  than 
2  min.  nor  more  than  3  min. 

(5)  When  distilled  by  the  method  proposed 
bv  the  .^m.  Soc.  for  Test.  Mat.  not  over  1<:'^ 
by  weight  shall  distill  helow  170"  C.,  not 
more  than  16';'r  by  weisrht  shall  d.stdl  below 
'70°  C.  and  not  more  than  ■H'-'c  1>V  weight 
shall  distill  below  300°  C.  The  residue  of 
the  entire  distillate  shall  be  not  less  than 
1  03  at  2')°  C.  The  residue  from  the  fore- 
Koinff  distillation  shall  have  a  meltins  point 
not  greater  than   75°   C.  bv  the  cube  method. 

(fi)  The  tar  shall  be  free  from  water  and 
shall  not  foam  when  heated  to  275°   F. 

(7)  All  bitnminons  material  used  in  a  giv- 
en construction  shall  be  uniform  in  char- 
acter, appearance  and  viscosity. 

Specifications  for   Bitiminous   Material  T-1* 

HUiH    carbon    tar 

Bitnminons  Material  T-1  shall  include  only 
coal  tar  products  which  shall  meet  the  fol- 
lowing requirement.s:  

(U  The  tar  shall  have  a  specific  gravit\ 
of  not  less  than  1.200  nor  greater  than  1.2-0 

(2)  On  extraction  with  carbon  disulphide. 
it  shall  not  contain  more  than  22''c.  nor  less 
than   lor^r   free  carbon. 

(3)  Upon  ignition  it  shall  show  not  over 
0:5%   inorganic  residue.  •     ^   k,.  fho 

(4)  The  consistency  as  determined  by  the 
Howard  &  Morse  float  apparatus  at  a  tem- 
perature of  50°  C.  shall  be  not  less  than 
•>  min    nor  more  than  3  min. 

(5)  When  distilled  bv  the  method  proposed 
bv  the  Am.  Soc.  for  Test.  Mat.,  it  shall  yield 
no  distillate  at  a  temperature  lower  than 
170°  C.  not  more  than  10%  by  weight  shall 
distill  below  270°  C.  and  not  more  than 
20%  bv  weight  shall  distill  below  300°  C. 
The  so',  gr.  of  the  entire  distillate  shall  be 
not  less  than  1.03  at  25°  C.  The  residue 
from  the  foregoing  distillation  shall  have  a 
melting  point  not  greater  than  75°  C.  by  the 
cube  method.  i  j 

(6)  The  tar  shall  be  free  from  water  and 
shall  not  foam  when  heated  to  300°   F. 

(7)  All  bituminous  material  used  in  a  given 
construction  shall  be  uniform  in  character, 
appearance  and  viscosity. 


*This  grade  of  tar  corresponds  very  closely 
to  Tarvia  X  of  the  Barrett  Mfg.  Co. 
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includes  .42  mi.  of  brick.     Total  mi.  127.  37.    No  work  done  on  20.26  mi. 
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Table  '-Some  Cost  Data  Showing  the  Relative  Efficiency  of  Different  Meh^hods  of  Maintaining  Concrete  Pavements  bv  Filling  CaACKS 
lABLE  .— jumt  »-"=.  ^^^  Joints  with  Bituminous   Material 


portable  heating  kettle  used 


Cost  of  Labor 


A        11U     10        7,279         917    .126     $11.00     $   3.50     $  9.96     $  1.92      $  .60  $1.25      . 

Cass ^        jg,^     j„     J3  433      1753     .130          3.90          4.80          8.85          5.17          .40  2.30 

[roqucis    g        jgj^     jg     14  784     1,980     .131          3.30          4.40        10. SO          4.63          .42  2.60 

Iroquois     _       j^^,      j^      12,600     6,0C5    .472        10.00        17.67        11.25       20.87        2.00  1.21 

Sangamon    j^^^    jg      ^^D       ^34    n,^        5  ou        -.3,,        8.75        3.75        ...  .40     . 

Sangamon    „      ^^^^    jg      ^  .„g       5.7     [g,        300        1.22        1.25        1.87        .20  .40 

Sangamon    ^      j^j^    j^      ^gjg       77j     ^3        301,        1.22        1.23        1.87        .20  .40 

Sangamon    ^      ^^^^     jg      ^^^^       „,„     1^7        3 1,1,        412        3.73        1.87        .30  .45 

Sangamon    .                  j^      2  „j7       290    .ms        3.83          .70        3.61        1.25        .25  .45 

Menard    

Average  cost 
AUTO  truck  used 

A       1914     10        4,000         438     .115          3.00          2.00            .56          1.74          .10  1.40 

Logan      p        JJU4     ,j        4^95         5Q3      j2(j          3.00          2.00            .70          2.17          .10  1.40 

Logan      ^        jg,4     j„      13,810     2.240     .162        12.00          3.75          2.80          5.57          .50  4.70 

Livingston     ^       jgj4     ,j     ,j  5^^     ,  7H     1,3       ,  ,^,        4  o^        ,30         5.30       i.oo  3.60 

Kankakee    •     ^      ^^^^    ,„    j^  g^g    j  ^^g     jgg      jgoQ        4.50        4.99        4.82        .20  3.6O 

^"l E        1914      18     38,884     5,488     .141        21.00          8.00          4.54          8.92          .40  7.40 

)i°°f     B        1914     18     14,222      1,821     .128          4.50          3.00          1.26          5.72          .10  2.75 

Cook     .■.■.■.'.■.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'-..' A        1914     18        5,246         706     .135          1.50          1.00            .57          1.11          ...  1.00 

Average  cost 

♦Under  depreciation  $1.00  per  mi.  of  pavement  is  cliarged  against  tlie   portable   heating   kettle  equipment  and   $2, 
auto  truck                                                                                                                  ,       ,           ,.  1.       ,          ^  .1, 

tXhe  cost  of  supervision  is  pro-rated  against  the  maintenance  and  upkeep  at  the  close  of  the  season 
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for  the 

forced  concrete  surface,  are  very  good. 
However,  it  is  not  believed  that  there 
should  be  any  relaxation  in  carefulness 
to  secure  a  good  pavement  in  the  first 
instance  because  of  a  possibility  of  uti- 
lizing it  in  this  way. 

Minor  defects  that  appear  in  the  pave- 
ment should  be  given  attention  at  an 
early  date  in  order  to  prevent  more  seri- 
ous defects  from  developing.  The  pave- 
ment should  be  gone  over  and  such 
minor  repairs  made  as  are  necessary,  at 
least  once  a  year  on  light-traffic  roads 
and  twice  a  year  on  heavy-traffic  roads. 
The  cost  of  maintaining  concrete  roads 
will  vary  inversely  with  the  quality  and 
uniformity  of  the  concrete  in  the  orig- 
inal construction;  so  great  is  this  rela- 
tion that  the  importance  of  a  properly 
constructed  road  in  the  first  instance 
cannot  be  overestimated.  The  increase 
in  the  life  of  the  road  and  the  great 
saving  in  maintenance  cost  by  careful 
and  proper  construction  will  warrant,  if 
necessary  to  get  good  work,  the  expen- 
diture of  no  small  amount  of  additional 
funds. 

Reasonably  accurate  cost  data  for 
maintenance  have  not  been  kept  over 
long  enough  periods  to  predict  the  aver- 
age maintenance  cost  of  concrete  roads 
until  they  are  worn  out.  The  best  avail- 
able data  seem  to  indicate,  as  a  con- 
servative estimate  for  roads  that  have 
been  down  from  1  yr.  to  5  yrs.,  a  main- 
tenance cost  of  less  than  14  ct.  per  sq. 
•  yd.  per  yr. 

In  the  course  of  the  discussion  of 
the  report  of  the  committee,  Mr. 
Hinkle  stated  that  the  cost  of  sur- 
face maintenance  per  mi.  in  the 
state  of  Ohio  had  been  $29.  Mr. 
Hinkle  emphasized  the  importance 
of  keeping  figures  on  the  mainten- 
ance of  surface  entirely  separate 
from  the  maintenance  of  the  other 
parts  of  the  roadway.  For  instance, 
the  floods  in  Oliio  caused  washouts 
in  several  cases,  where  the  sub-grade 
had  to  be  extensively  repaired.    This 


he  said  should  obviously  not  be 
charged  to  surface  maintenance.  An- 
other point  partciularly  mentioned 
in  the  discussion  of  maintenance  is 
that  some  care  should  be  taken  in 
applying  the  hot  tar  to  cracks.  If 
it  is  allowed  to  pile  up  and  spread 
out  over  the  surface  of  the  pave- 
ment for  a  greater  area  and  to  a 
greater  thickness  than  is  necessary, 
subsequent  applications  of  tar  over 
the  fine  cr.ick  which  is  apt  to  appear 
the  following  year,  finally  will  give 
a  thickness  of  tar  and  sand  at  that 
point  which  will  cause  a  bump  and 
gradually  deteriorate  the  pavement 
at  each  side.  Mr.  Hinkle  recom- 
mended that  only  so  much  tar  as  is 
necessary  be  put  on  and  that  it  ex- 
tend no  more  than  1"  on  either  side 
of  the  crack.  The  question  was 
asked  why  subsequent  applications 
of  tar  could  not  be  removed  and 
Mr.  Hinkle  stated  that  the  cost  of 
removing  the  tar  will  be  greater 
than  the  additional  cost  of  taking 
pains  in  applying  it  in  the  first 
place. 

It  was  reported  in  the  course  of 
a  discussion  that  at  Gary,  Ind.,  con- 
crete patches  are  put  in  where  ne- 
cessary and  traffic  kept  off  24  hrs. 
and  asphaltic  treatment  applied; 
then  traffic  is  allowed   on  the  work. 


Walls  that  are  to  be  watertight 
should  be  monolithic,  if  possible;  if 
not  possible,  all  dirt  and  laitance 
should  be  removed  and  a  layer  of 
rich  mortar  placed  before  new  con- 
crete is  poured. 


Committee  1.5 — Form  of 
Specifications 

Ch.\irman,  a.  R.  Hirst  ;^  F.  D. 
Rogers,-  C.  D.  Breed'*,  F.  C.  Wil- 
son,* R.  D.  Baker.^ 

The  report  of  the  Committee  on 
Form  of  Specifications  was  not  com- 
pletely formulated  before  the  close 
of  the  Conference.  It  will  be  em- 
bodied in  the  official  proceedings 
when  these  are  issued.  The  report 
is  of  a  nature  which  does  not  lend 
itself  readily  to  presentation  in  ab- 
stract. 

Committee  16  —  Cost  of 
Construction 

Chairman,  C.  J.  Ben.vett;"  H, 
Eltinge  Breed, ^  E.  J.  Mehren,' 
C.  U.  Boley/  Frank  A.  Windes.^" 

In  reporting  on  Cost  of  Construc- 
tion the  committee  found  such  dis- 
parity in  methods  of  reporting  that 
comparisons  were  impossible.  The 
committee  found  that  there  were  few 
sets  of  figures  that  included  the  same 
cost  items  under  the  same  headings ; 
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therefore,  in  its  report  the  commit- 
tee not  only  presents  some  typical 
cost  data  from  various  localities 
without  any  attempt  at  comparison 
but  it  presents  a  proposed  uniform 
cost  sheet.  Some  of  the  cost  fig- 
ures jirescntpd  by  the  committee  and 
the  proposed  standard  forms  cost 
supporting  are  shown  as  follows: 


Tabif  1 — Cost  of  CoNSTKumoN,   Litti.f   Vai- 

I.FY-CATTARAL'GirS    RoAD.     NfW    S'ORK    StATE 

Name  of  Road :  Little  Valley-Cattaraugus, 
Part   1.     (Cattaraugus  Co.) 

I.cngtli.  .'..33  ml.— 3,900  lln.  ft.,  10'  wide; 
9,700  lin.  ft.,  13'  wide. 

Thickness— 0"  and  S"=.\v.  7";  SVi"  and  7" 
=Av.  OH".     (2.375  mi.  completed.) 

Width,  10'  and  U'  not  reinforced.  Pro- 
portions of  mix.  l:H4:3. 

Total  cu.  yds.,  8,280.  This  cost  covers 
4,105  cu.  yds. 

Labor,    exclusive   of   water   supply,    in- 
cluding supervision    tOAit 

Plant,  forms  and  tools,  0.002+0.138  for 

coal    0.820 

Expansion    joint   material 0.045 

Water  supply,   including  labor 0.030 

£jSd"'     '  F'=>oed  on  roadside  \      1»«,' 

sfone        )     '■""dy   for   mixer \  J^ 

Total  cost  per  cu.  yd 15.329 

Contractor's    bid    price 0.80 

Labor:     Rate  per  hr.,  18'4  cts. 

Teams:     Rate  per  hr.,   none  used. 

Hrs.  per  da.  worked,  10. 

Remarks:  Industrial  raihvav  plant  deliv- 
ering sand,  stone  and  cement  into  hopper  of 
concrete  mixer.  Clamshell  unloader  used  to 
take  material  off  cars.  Material  delivered 
alongside  mixer  In  buckets  proportioned  for 
)ne-sack  batches. 


Tabie  2 — Cost  of  Constru'ctiox,  Huntinctov- 
Farmingdale  Road,  New  York  State 

Name  of  Road:  Huntington  Town  Line- 
Farmingdale.  Part  1.     (Suffolk  Co.) 

Length,   1.27  mi. 

Thickness,   5"  and  7"=.\v.   0". 

Width.    10'.   not  reinforced. 

Proportions  of  mix,   1:114:3. 

Total  cu.  yds.,  2,051. 
Labor,    exclusive    of    water    supply,    in- 
cluding  stipervision    $0.50 

Plant,    forms  and    tools 0.61 

Expansion    joint    material 0.06 

Water  suoply,    including  labor 0.12 

i?o"n1        \     ready  for  mixer \  J^ 

Total   per  cu.    yd $4.71 

Contract<)r's    bid    price 5.30 

Labor:     Rate  per  da..  $1.84. 

Teams:     Rate  per  da.,   $5.00. 

Hrs.  per  da.  worked.  9. 

Remarks:  .Auto  truck  for  most  of  liaul. 
Gravel  furnished  by  large  screening  and 
washing  plant  accounts  for  high  plant  cost. 
Only  proportionate  part  charged  for  this 
plant,  as  it  is  to  be  used  to  produce  com- 
mercial output. 


Table  3 — Cost  of  Construction,  Huntington- 
Amit^-\ille  Road.  New  York  State 

Name  of  Road:  Huntington-.\mityvillc, 
Part  2.     (Suffolk  Co.) 

Length.  4.69  mi. 

Thickness,  4^4"  and   6Si"=.\v.  5^i". 

Width.    16',   not  reinforced. 

Proportions  of  mix.   1  :H4  :3. 

Total   number  cu.  yds..  7.409. 
Labor,    exclusive    of    water    supplj',    in- 
cluding  supervision    $0.52 

Plant,   forms   and   tools 0.5S 

Expansion   joint    material 0.05 

Water  supply,   including  labor 0.10 

Cement      •/  Placed  on  roadside  (        0.23 

Sand  [■     ready  for  mixer ]        0.23 

Stone         )  Gravel (        2.36 

Total  per  cu.  yd $4.89 

Contractor's    bid    price 5.30 

Labor:     Rate  per  da..   $I.si. 

Teams:     Rate  per  da.,   $5.00. 

Hrs.  per  da.  worked,  9. 

Remarks:  Auto  truck  for  most  of  haul. 
Gravel  furnished  by  large  screening  and 
washing  plant  accounts  for  high  plant  cost. 
Only  proportionate  part  charged  for  this 
plant,  as  it  is  to  be  used  to  produce  com- 
mercial output. 


Table    4 — Cost    or    Construction,    Force-Ac- 
count Job,   Erie  Co.,   N.   Y.   State 

Name  of  Road:  Main  St.,  Sec.  3,  Co. 
Highway,   No.    130,   Eric  Co. 

Length,  3.68  mi. 

Thickness,  average  7",  parabolic  crown. 

Width,  16'. 

Proportions  of  mix,   1:1^:3. 

Total  cu.  yds.,   7,038. 
Labor,   exclusive  of  water  supply,   in- 
cluding supervision    $0.6818 

Plant,    forms   and   tools 0.3091 

Fvnnnsion      (    ta"ed    Paper. .  .0205  I 
""jK'""    I  steel  plates.... _r782       ^  ,^„ 

material      (  ,„„  j 

Water  supply.  Including  labor 0.0025 

Sand"'     (Placed  on  roadside  \    ^'J'j" 

Stone        S     ready  for  mixer j    ^^^f^l 

Total   cost  per  cu.  yd $5.4867 

Labor:     Rate  per  hr.,  I6V4  cts. 

Teams :     Rate  per  hr.,  50  cts, 

Hrs.  per  da.  worked,  10. 

Remarks:  Work  done  by  state  day  labor. 
Materials  unloaded  by  hand.  Plant  charges 
included  proportionate  to  life  of  plant;  7/10 
mi.  average  haul. 


Table  S — Cost  of  Construction,  NE^v  Haven- 

SOUTHINGTON    RoAD,    CONNECTICUT 

Name  of  Road:     New  Haven  to  Southing- 
ton,  Connecticut. 

Length,  14,100'. 

Thickness,  6"  to  8". 

Width,  16'. 

Proportions  of  mix,   1 :2 :4. 

Total  cu.  yds.,  5,107. 
Labor,    exclusive   of   water   supply,    in- 
cluding supervision    $0,494 

Plant,  forms  and  tools 0.254 

Expansion    joint   material 0.030 

Water  supply,  including  labor 0.203 

slnd"'     (Placed  on  roadside  \      ].f* 

Stone        S     '^^-^y   '«■•   ""'^^ I      L3'f 

Reinforcement   o.29 

Total  cost  per  cu.  yd $4.94 


Labor:    Rate  per  da.,  50  cts. 
Teams:    Rate  per  da.,  $5.00. 
Supt.,   $4.00  per  da. 
.Vsst.  Supt..  $3.30  per  da. 
Hrs.  per  da.  worked:     8  hrs.  for  lalx)r,  » 
hrs.  for  teams. 

Remarks:  Boom  mixer  used.  Local  sand 
was  screened  and  washed.  Stone  was  crushed 
trap  delivered  to  mixer  by  trolley.  Cement 
was  delivered  by  the  steam  road  to  the 
trolley  and  b>'  the  trolley  to  the  mixer. 
L.al)or  was  done  by  inmates  of  the  State 
Reformatory,  which  accounts  for  the  very 
low  lalKjr  rate.  Reinforcement  consisted  of 
galvanized  triangular  mesh. 


In  concluding  its  report  the  com- 
mittee considered  whether  or  not 
cost  data  available  indicated  any  di- 
rection in  which  future  economy 
might  be  effected.  After  a  discus- 
sion by  the  members  of  the  commit- 
tee it  was  decided  that  any  attempt 
to  reduce  the  cost  of  concrete  ma- 
terially except  in  instances  where  or- 
ganization of  crews  was  grossly  in- 
efficient or  modern  types  of  plants 
had  not  been  used  to  the  best  ad- 
vantage, would  result  in  correspond- 
ing reduction  in  quality.  In  this 
connection  the  committee  states 
further: 

There  is  little  chance  for  any  consid- 
erable saving  in  putting  tlie  materials 
into  the  drum  at  the  mixer,  or  in  taking 
the  mixed  concrete  from  the  machine  to 
place.  Any  savings  that  might  be  made 
in  these  instances  would  very  likely  be 
at  the  expense  of  quality.    Reducing  the 


Table  8— Concrete  Road  Costs  Reported  By  Assn.  of  Am.  Portland  Cement  Mfrs. 


State  Name  of  Town  or  Road  "^ 

Fla Port  Tampa   City 1.882 

111 Belleville  (Av.  for  2  wks.).... 

•• DeKalb    3.842 

" Morrison    6.500 

" Moline    2.889 

Ind .\nderson    and    Middletown 2,316 

'•  Woods-Henderson    638 

"  Seymour    4,110 

Iowa Bloomfleld     641 

"     Indianola    9.716 

"     Cedar   Rapids    2.027 

'•     Eagle   Grove    3.033 

"     Nevada    2.047 

"     Clarinda    1.399 

Kan Bassett     7.310 

Ky Bardstown  Rd    1.180 

Md District  Line.  Seat  Pleasant...  1,219 

"  Fredericktown     2,453 

"  Galena-Georgetown    1.504 

Mass Northridge    360 

•'    North  Andover  420 

"    Taunton    360 

Mich Kawkawlin   Rd 1,317 

•■    Flint,    N.    Saginaw    St 1.056 

Minn Minneapolis    3.448 

Miss Tupelo    1.504 

Mo Boonville     388 

"  St.  Louis  7.620 

"  St.   Louis,   Gravois  Rd 5,278 

N.  H Nassau,  Bridge  St 573 

N.J Red   Bank,    Mechanics   St 1,172 

"    Union  Co.,  Linden   Twp 2.611 

Ohio Rockport    1.283 

"    Madison    Twp.    Road 986 

"    Addy   Pike   1,657 

"    Ironton,    Law    .Mky 498 

Penn Nicholson   Bopnisb    1,942 

"     Nazareth,   Main    St 484 

Texas Robinson   Rd 2,026 

W.  Va West  Union   

Wis Racine    4,015 

"   Eau  Claire  2,031 

*'   Superior    1,520 

Canada..  .Ont.,   St.   Thomas,    York  St 172 

...Stratford,    Paterson    Ave 189 

...Chatham    ' 399 

"       ...Jarvis     296 

"       ...  Ont..    Jarvis    347 

...  St.    Thomas    186 


.105 

.044 

.004 

.878 

.018 

1.047 

,153 

.050 

.9972 

.001 

1.2012 

.2773 

.1009 

.033 

.5284 

.0162 

.9558 

.1203 

• 

.8993 

.0043 

1.024 

.1333 

.243 

.5533 

.005 

.9346 

.1125 

* 

.0309 

.7336 

.8771 

.1072 

.144 

.0040 

.880 

1.135 

.080 

.160 

.0010 

.696 

.005 

.942 

.247 

.044 

.008 

.903 

.008 

1.215 

.1595 

.0353 

.0141 

.829 

.0015 

1.0394 

.1871 

.111 

.033 

.869 

.042 

1.2421 

.171 

.122 

.009 

.934 

.009 

1.265 

.1893 

.0517 

.021 

.860 

1.122 

.274 

.057 

.065 

.834 

.046 

1.276 

.3499 

.0278 

.910 

.006 

1.2837 

.180 

.214 

.020 

.476 

.029 

.919 

.136 

.138 

.076 

.809 

.633 

1.192 

.103 

.141 

.050 

.692 

.049 

1.035 

.102 

.108 

.069 

.675 

.069 

1.023 

.218 

.098 

.046 

.653 

1.015 

.177 

.1307 

.030 

.663 

1.00 

.191 

.084 

.041 

.510 

.826 

.168 

.006 

.016 

.699 

.016 

.906 

.459 

.047 

.760 

.037 

1.303 

.130 

.1304 

.2999 

.5505 

1.1108 

.102 

.103 

.069 

.675 

.069 

1.023 

.084 

.086 

.0025 

.563 

.003 

.7383 

.2868 

.0451 

.903 

.0295 

1.2644 

.256 

.2571 

.740 

.0075 

1.2606 

.1258 

.0912 

.0323 

.907 

1.1363 

.244 

.090 

.018 

1.108 

1.455 

.122 

.080 

.029 

.805 

1.030 

.162 

.092 

.151 

.648 

1.053 

.250 

.225 

.055 

.436 

.011 

.997 

.091 

.067 

.882 

1.040 

.209 

.049 

.060 

.652 

.970 

.300 

.078 

.033 

.713 

1.081 

.222 

.029 

.012 

.623 

.055 

.941 

.440 

.220 

.010 

.434 

.024 

1.154 

.098 

.074 

.853 

1.023 

.1665 

.088 

.1059 

.829 

.012 

1.2014 

.2168 

.0474 

.0224 

.5611 

.0186 

.8663 

.1602 

.0005 

.8256 

.9863 

.2714 

.1124 

.0952 

.8127 

.0206 

1.3123 

.1735 

.0563 

.0460 

.8611 

.0079 

1.1448 

.1276 

.0427 

.032 

1.0317 

.002 

1.2360 

.2121 

.1076 

.010 

.713 

.013 

1.0557 

.147 

.068 

.013 

.851 

1.079 

.1870 

.114 

.0396 

.7745 

.001 

1.1161 

•Teaming  in  Material  column 
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Table  7— Average  Cost  Per  Sq.   Yd.  of  Con- 
structing  Concrete   Roads,    Reported   to 
THE  Assn.  of  Am.   Portland  Cement 

Mfrs.,   1913  AND  1915 

Figures   for   1915  gathered  by   Assn.'s 

Inspectors 

1913 

Connecticut    *l-32 

Illinois    101 

Indiana    J-fJ 

Iowa    Ill 

Kans.is    J-'? 

Maryland    1-21 

Massachusetts    j--» 

Michigan    J-"-' 

Minnesota    i-"£ 

Missouri   I'J' 

New  Jersey   11- 

New  York    ■  • 

Ohio    : \-^l 

Pennsylvania    '•'" 

Texas ■•• 

West  Virginia  j»- 

Wisconsin    l-"" 

Proposed  Standard  Form  for  Cost 
Reporting 


1915 
$1.13 
1.03 
0.98 
1.19 
1.28 
1.08 
0.95 
1.10 
1.11 
1.09 
1.23 
0.98 
1.02 
1.01 
1.15 
1.03 
1.02 


ject  to  the  most  severe  service  stresses 
"known  to  a  concrete  structure.  Empha- 
sis upon  excellence  of  material  and  qual- 
ity of  workmanship  is  therefore  impera- 
tive. 

Committee  1 7— Estimat- 
ing and  Inspection 
Problems 


A.    ^M.-vrston;^   John 
K.    H.    Talbot,^    H. 


Chairman, 
H.  jSIullen,- 
A.  Johnson.* 

In  considering  Estimating  and  In- 
spection Problems  the  committee 
called     attention    to     problems     and 

Name  and  Location  of  Road Conditions  which  enter  into  road  con- 

^^^{o^.■ofll^!\V:^So:l!ro^^Y6s:■.\::       stmctlon     materially     affecting    the 
P"         cost   and    frequently    not    considered 

**•  ^''on''Lub-grade  I  . . . .  ^"'  or    at  least   not   considered    in    suffi- 

On  forms cient  detail  to  make  possible  a  close 

analysis  of  the  cost  of  the  work.     In 


Material  to  mixer 

Mixer  to  place. 


vaste . 


Total    labor 
Concrete  Materials: 
Cement,  f.  o.  b. .. 

Hauling    

Storage   

Loss  sacks  and 
Sand.  f.  o.  b 

L'nloading    

Hauling    

Stone,  f.  o.  b.  or  in  bins     ... 

Unloading    

Hauling   

Total  concrete  materials.. 
Water : 

Charge  for   I  ■  • 

Piping 


Pump 


preciation) 
einfoi 
Joints 


tee  says  that  experience  has  shown 
that  in  the  past  some  contractors 
haye  merely  examined  the  estimate 
of  the  engineer  and  then  have  bid 
as  low  on  the  job  as  they  thought 
necessary  in  order  to  secure  the  con- 
tract. Frequently  this  has  been  done 
without  any  analysis  on  their  part 
as  to  the  cost  of  the  work.  It  was 
pointed  out  by  the  committee  that 
this  class  of  bid 
to  realize  that  with  keener  competi- 


Tofal  cost  concrete  pavement 
Wage  Scale 


being  put  under  contract  in  each  job, 
.$  —       ^   detailed   analysis  of  cost  is   abso- 
lutely necessary   for   intelligent  bid- 
AssSt'ant "superintendent  ".['.['.'.'.'.'.I'.'.'.'.'.'.'.'.'.        ding.     Some  estimators  make  a  prac- 

Skilled  labor  ^^j  g  ^f  driving  oyer  the  road  in  ques- 

Common    labor    &  ,-111 

Teams  tion  but  the  more  careful  walk  over 

LenSt? of'' wOTking  dayl'.'.l'.^'.'.'.W'.'.y.'-'.'.'.'.       it.  noting  the  y arious  phy s ical  char- 
(Remarks  on   features  of _ P'ant  and  jnate-        ^pteristics  that  will  in  any  way  affect 


rials  which  have  special  bearing  on  costs.) 
♦Includes  supervision 


time  that  the  materials   are   left  in  the 
drum  is  clearly  undesirable. 

Again,  in  the  cost  of  mineral  aegre- 
gate,  economy  is  very  likely  to  be  at 
the  expense  of  quality.  Likewise  in  the 
matter  of  cement:  lower  costs,  attained 
either  by  reducing;  the  quantity  of  ce- 
ment or  accepting  a  poorer  quality  are 
manifestly  not  to  be  tolerated. 

There  is,  however,  a  possibility  of  econ- 
omies in  the  general  operation  of  the 
work.  Such  economies  can  be  effected, 
first,  by  a  proper  arransrement  of  a 
sufficient  amount  of  material  shall  at  all 
times  be  available  so  the  work  may  be 
carried  on  continuously.  Your  commit- 
tee insists  that  no  reduction  in  cost 
should  be  permitted  which  will  in  any 
way  injure  the  final  pavement. 

AVhile  it  is  not  in  the  province  of  this 
committee  to  indicate  the  quality  of  ma- 
terial or  the  character  of  the  final  struc- 
ture, it  would  seem  well  to  take  advan- 
tage of  the  opportunity  to  assert  that 
every  possible  refinement  should  be 
made,  not  only  in  the  selection  of  ma- 
terials for  concrete  but  in  the  method 
and  manner  of  manipulation,  so  that  the 
final  mixture  will  be  as  nearly  perfect 
as  possible.    A  concrete  pavement  is  sub- 


the  cost  of  the  construction.  This 
is  a  more  adyisable  practice.  The 
committee  says  that  an  examination 
may  reveal  a  wet  spot  here,  a  spring 
there ;  a  good  location  for  an  un- 
loader,  a  site  for  a  sidetrack;  the 
location  of  a  creek  or  a  water  hole 
in  which  a  pump  can  be  installed 
and  such  other  peculiarities  of  the 
particular  job  as  may  materially  af- 
fect the  ultimate  cost.  In  an  inves- 
tigation of  this  nature  there  are  a 
number  of  elements  which  affect  the 
cost,  and  also  the  speed  with  which 
the  work  can  be  accomplished. 

The  committee  calls  attention  as 
one  of  the  preliminary  things  to  be 
considered  in  the  construction  of  the 
road,  the  extent  of  the  traffic  which 
is    using   the   road    and    which   must 

'Dean  and  Director,  Div.  of  Engrg.,  Iowa 
State  College,   Ames,  la. 

'Deputy  State  Engr.,  Minn.  State  Highway 
Comm.,   St.   Paul 

^Division  Engr.,  Universal  Portland  Cement 
Co.,  Pittsburgh 

'Contr.,    Kalamazoo,    Mich. 


be  re-routed.  Peculiar  conditions 
frequently  enter  into  this  considera- 
tion; for  example,  a  road  adjacent 
to  a  fair  ground  may  entail  consid- 
erable expense  in  order  to  make  pro- 
vision for  traffic  such  as  will  occur 
when  the  fair  is  in  progress.  A 
detour  through  an  adjacent  field 
which  would  be  entirely  adequate  for 
all  ordinary  hauling  will  prove  en- 
tirely inadequate  where  there  is 
large  motor  traffic.  The  season  of 
the  year  will  also  affect  the  cost  of 
caring  for  traffic  and  it  may  prove 
important  to  obtain  from  residents 
on  the  road  some  idea  of  the  condi- 
tion of  the  road  at  various  seasons 
so  as  to  learn  the  best  time  for  un- 
dertaking construction  with  the  least 
inconvenience  to  the  traffic  ordinarily 
using  the  road. 

The   cost  of   hauling  materials   is 
also    considered    by    the    committee 
and  is   a  very   important  item,  with 
many  factors  to  be  considered.     In- 
ability  of    railways   to    get   material 
delivered    when    needed    may    prove 
sufficiently  important  to  warrant  the 
contractor    in    maintaining    a    fairly 
large    stock    of   material    in   reserve. 
The  relative  cost  of  hauling  material 
direct   from   cars   as   compared  with 
that  of  maintaining  stock  piles  is  to 
be   considered.      The   cost  of   trans- 
portation  from   the   terminal  to  the 
site   of  the  work  must  be   taken   up 
in   detail   and    in   this    must  be   con- 
sidered    the    amount    of    new    sub- 
grade  over  which  the  materials  must 
be  hauled,  inasmuch  as  over  such  a 
roadway  the  cost  of  hauling  will  be 
much  higher  than  over  an  established 
road  bed.     In  view  of  the  fact  that 
other   committees   took   up   in    detail 
the  matter  of  hauling  problems,  this 
committee  merely  called  special  at- 
tention to  the  necessity  of  a  careful 
analysis  of  the  situation  in  each  case 
to  determine  what  method  of  hauling 
is  best  suited  to  the  peculiar  require- 
ments  of  the   job.      The   committee 
points    out    in    this    connection    that 
certain    materials    such    as    rolls    of 
mesh   reinforcing  will   be   hauled   in 
loads    which     are    limited    by    bulk 
rather  than  by  weight.     In  handling 
materials    at    the    site    not   only    the 
local    conditions    but    the    particular 
specifications    are   to   be    considered, 
as   there   is   great   difference   in   cost 
between  handling  materials  from  the 
sub-grade   and   handling  them    from 
stock  piles  or  on  pl-itforms;  and  the 
number   of  piles  will   materially   in- 
fluence   the    result.       The    estimator 
must   carefully   determine  the   prob- 
able need  of  under  drains  and  their 
cost   and  thisi  requires   a   knowledge 
of    the    character    of    the    material 
thruogh  which  the  drains  are  to  pass. 
The  cost  of  preparing  and  finish- 
ing the  sub-grade  will  be  affected  by 
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a  nuuibcr  of  items,  including  the 
relative  amount  of  excavation  and 
embanltmcnt,  the  length  of  haul  re- 
quired to  make  the  embankment 
either  by  using  excavated  material 
or  a  material  obtained  from  borrow- 
pits,  till-  availability  of  borrow  at  a 
reasonable  price  and  many  other  lo- 
cal conditions.  Consideration  must 
be  given  to  such  matters  as  cleaning 
out  ditches,  finishing  slope,  shoul- 
ders, etc.  The  cost  of  finisliing  the 
sub-grade  will  depend  altogether 
upon  the  character  of  tiie  sub-grade 
and  the  material  wliich  composes  it. 
If  the  sub-grade  is  particularly  dry 
in  tlie  month  of  the  year  wlien  con- 
struction is  being  carried  on  the  item 
of  water  will  be  a  considerable  one. 


In  connection  with  cost  of  mate- 
rials, the  estimate  for  tlie  cement, 
for  instance,  will  include  not  only 
the  net  cost  of  the  cement  but  the 
cost  of  hauling  and  returning  the 
sacks.  The  cost  of  protecting  the 
cement  and  storing  it  on  the  job 
must  be  considered  and  in  this  con- 
nection consideration  will  be  given 
to  the  fact  tliat  the  number  of  stor- 
age sheds  re(iuired  will  vary  with 
tlie  methods  of  transporting  the  ce- 
ment. In  connection  with  tlie  cost 
of  aggregates  attention  will  be  given 
to  the  fact  that  this  cost  will  vary 
with  loss  due  to  handling.  This  loss 
will  be  dependent  upon  the  length 
of  liaul.  character  of  road  and  meth- 
.  ods  in. handling  and  will  vary  from 
5%  to  10%. 

The  cost  of  placing  materials  em- 
braces three  items:  interest  and  de- 
preciation on  equipment,  the  amount 
and  tlie  character  of  the  labor,  and 
the  unit  cost  of  the  labor.     All  these 
of  course  are  intlueneed  by  the  defi- 
nite methods  produced.     The  amount 
of  labor  required  will  depend  upon 
the  nietliods  adopted  in  placing  and 
handling  tiie  materials  and  tlic  men. 
The  availability  of  labor  in  the  com- 
munity must  be  considered,  legal  re- 
strictions,   such    as    minimum    wage 
and    maximum    hour   laws,   state    in- 
surance  and   compensation  laws,  to- 
gether  with   local   ordinances   which 
will  vitally  affect  the  labor  market. 
Another    thing    to   be    considered    is 
the  location  of  the  improvement  with 
reference   to   boarding   and   housing 
facilities   for  the  men.     If  the  men 
cannot  be  placed  for  board  and  lodg- 
ing at  farm  houses  in  the  vicinity  it 
becomes    necessary    to    consider    the 
cost  of  labor  camps  and  the  cost  of 
labor    camps    is    frequently    affected 
by   state   restrictions    affecting   sani- 
tation, etc..  which  may  materially  in- 
crease the   cost  of   maintaining   the 
camps.      The  contractor  should  also 
consider  the  cost  of  carrying  securi- 
ties.    Sometimes  counties  have  diffi- 
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eultics  in  disposing  of  their  bonds 
and  contractors  are  paid  in  warrants 
which  bear  interest  at  the  rate  of  6% 
but  which  banks  sometimes  will  not 
casii  except  at  a  5%  or  a  \G%  dis- 
count. 

In  connection  with  inspection 
problems,  the  committee  says  that 
good  construction  of  course  lies  first 
with  the  engineer  in  charge  and  that 
the  engineer  who  carefully  plans  the 
detail  of  construction  will  have  little 
difficultv  with  the  better  class  of  con- 
tractors. The  first  step  in  securing 
satisfactory  construction  is  the  draft- 
ing of  a  set  of  specifications  which 
adequately  cover  each  operation  in- 
cident to  the  performanci'  of  the 
work.  The  specifications  should  be 
definite  in  each  operation  entailed  in 
the  construction  and  each  class  of 
materials  used  should  be  definitely 
specified.  The  committee  urges  the 
most  definite  language  in  the  speci- 
fications. 

In  connection  with  the  inspection 
force,  the  character  of  the  inspec- 
tion materially  affects  the  quality  of 
the  resulting  product  and  undoubt- 
edly there  is  no  other  official  con- 
nected with  the  work  who  should  be 
more  carefully  chosen.  This  com- 
mittee points  "out  that  the  inspector 
should  be  a  man  of  absolute  integ- 
rity and  of  pleasing  address,  such 
as  to  inspire  confidence  not  only  in 
the  contractor's  organization  but 
among  the  taxpayers  living  in  the 
vicinity  of  the  work.  He  must  be 
a  man  of  forceful  personality  and 
of  quick  judgment  and  thoroughly 
experienced  in  tlic  details  of  the  con- 
struction. Tlie  committee  recom- 
mends that  a  manual  of  construction 
be  furnished  to  all  members  of  the 
inspection  force.  This  will  be  dis- 
tinctly worth  while  in  any  organiza- 
tion handling  a  considerable  amount 
of  concrete   pavement  construction. 


It  is  here  that  reinforced  concrete  will 
l)e  found  advantagcoiis  as  compared  with 
ordinary    constructional    steel,    and    the 
war  lias  done  niiicli  to  show  up  the  pos- 
sibilities of  the  former  material.     There 
ai)pears   to   be  little   or   no  difficulty   in 
obtaining  ordinary   round  bars   for  rein- 
forcement,   and    these    are    easily    trans- 
ported,   while    rolled    steel    sections    are 
difficult  to  obtain,  and  built-up  members 
involve   work    in    the   shops   which   takes 
time   and   diverts   labor  which   might   be 
more  profitably   employed   in  the  manu- 
facture of  shells  and   machines  of  war. 
Under  proper  supervision  the  labor  re- 
quired   for   reinforced   concrete   work   is 
practically  unskilled,  and  its  employment 
on   the   building  of  war    factories   is   an 
example    of    the    proper    application    of 
our  resources,  as  such  men  could  be  of 
little   use   to   the   country   in   any   other 
sphere  apart  from  the  army  itself.   There 
are   also   other   points   to   be   considered 
in    dealing   with   a   comparison    of   steel 
and    reinforced    concrete,    and    one    of 
these  is  the  question   of  economy.     Ow- 
ing  to   certain    stock    steel    sections   not 
being  available  at  the  present  time   the 
designer  is  compelled  to  adopt  the  next 
largest  size  that  can  be  obtained,  and,  in 
consequence,  more  steel  is  employed  than 
is  theoretically  necessary.    This  does  not 
hold  with  reinforced  concrete,  as  the  de- 
signer can  vary  the  number  of  bars  used, 
and   the   fact  "that  any  particular  diam- 
eter bar  is  not  at  hand  will  simply  mean 
less   larger   bars   or   more   smaller   bars, 
each  providing  the  requisite  area  of  steel 
and  no  more. 


16,401,346   Yds.   of   Concrete 
Pavinpf  in  1915 

Concrete  paving  in 
lated  by  the  Portland 
as  follows: 


1915  is  tabu- 
Cement  Assn> 


The  building  industry  in  England 
is  suffering  very  much  on  account  of 
the    war.      No    one    seems    ready    to 
build   and   outside   of   munition   fac- 
tories    and     additions     to     existing 
works   little  or  no   new   construction 
is  going  on.     Labor  is  short  and  the 
transportation   of   materials    is    diffi- 
cult.     Many   of  the   large  contract- 
ing firms  have   gone  into  the  muni- 
tions   business    themselves    and^  are 
busy  with  government  orders.     "One 
thiiig    is     of    interest,"     says     Con- 
crete   and   Constructional   Engineer- 
ing,  "and  that   is   to  remember  that 
certain    materials    can    be    obtained 
more    easily    than    others    and    it    is 
necessary  to  make  a  judicious  selec- 
tion  to  avoid   delay  in   carrying  out 
work  owing  to   one   of  the   essential 
elements    in    construction    not    being 
available." 


State 
.Ma.  ... 
Ariz.  .. 
Ark.  . . 
Cal.  ... 
Col.  ... 
Conn.  . 
Del.  ... 
D.  C.  . 
Fla.  ... 
r.a.  . . . 
Idaho    . 

Ill 

Intl.    .. 
Iowa    . 
Kans. 
Ky.    .. 


rF.  Pavev 
Roads 

2,888 


ENTS 

Alleys      TotaKs 
11,26(V 


212,647        

333,114  3,.'>95,406 
23.450        

121,020         96.783 
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The  Use  of  Hydrated  Lime  in  Dry- 
Tamp  Mixtures  of  Concrete       □       n 


The   Following   Question   is  Dis- 
cussed By: 

Norman  G.  Hough'^ 
e.  l.  conwell- 
H.  B.  H.  HuRD^ 

"/  should  like  to  know  something 
about  the  experience  of  the  field  in 
the  use  of  hydrated  lime  in  mixtures 
of  concrete  which  have  to  be  dry 
enough  to  be  manipulated  in  a  block 
machine  of  the  dry-tamp  type,  from 
which  the  product  is  removed  imme- 
diately after  being  molded.  Will  the 
value  of  hydrated  lime,  as  a  water- 
proofing, be  secured  with  the  mini- 
mum of  mater  which  has  to  be  used 
in  order  to  handle  such  a  mixture, 
or  will  the  addition  of  the  hydrated 
lime  to  the  mixture  make  it  possible 
to  use  more  water  (due  to  the  hy- 
drated lime's  affinity  for  water), 
which  will  become  available  later  on 
in  the  hydration  of  the  cement?  In 
general,  I  should  like  all  the  infor- 
mation there  is  available  as  to  the 
value  of  hydrated  lime  in  such  mix-, 
tures  of  concrete." 


By  Mh.  Hough. 

The  strength  of  a  concrete  block, 
is  determined  by  three  prime  factors : 
First,  the  amount  of  cement  which  is 
used  in  the  mixture ;  second,  the  uni- 
form distribution  of  the  cement; 
third,  the  amount  of  cement  which 
hydrates  after  the  block  has  taken 
its  form. 

The  latter  factor  is  the  chemical 
reaction  which  takes  place  upon  mix- 
ing cement  and  water  together.     It 


'Mgr.,  Hydrated  Lime  Bur.,  Pittsburgh 
'Vice-Pres.,  Henry  S.  Spacl<man  Engrg.  Co., 
Phiadelphia 

'Pres..  New  England  Stone  Co.,  New  Hav- 
en, Conn. 


will  therefore  be  recognized  that  the 
quantity  of  water  with  which  the 
cement  can  react  has  perhaps  far 
greater  value  in  determining  strength 
than  the  two  factors  first  mentioned. 

It  is  an  established  fact  and  has 
recently  been  conclusively  proven  by 
an  investigating  committee  that  an 
addition  of  hydrated  lime  to  con- 
crete without  increasing  tlie  quantity 
of  water  in  a  mixture  makes  a  mix  of 
thicker  consistency.  The  capacity  of 
hydrated  lime  for  absorbing  and 
carrying  water  is  about  three  times 
greater  than  that  of  cement;  conse- 
quently an  addition  of  10  lbs.  of 
hydrated  lime  will  carry  into  a  con- 
crete mixture  approximately  as  much 
water  as  30  lbs.  of  cement  and  it 
does  this  without  changing  the  con- 
sistency of  the  mixture. 

Since  it  has  been  indicated  that 
the  quantity  of  water  used  has  so 
much  to  do  with  subsequent  develop- 
ment of  strength,  and  since  it  has 
also  been  shown  that  hydrated  lime 
carries  considerably  more  water  into 
the  mixture  with  about  the  same  con- 
sistency, it  is  evident  that  this  addi- 
tional quantity  of  water  should  be 
taken  up  by  the  cement  in  the  pro- 
cess of  increased  hydration,  thus 
having  a  value  in  producing  greater 
strength  in  a  cement  product  made 
with  a  dry-tamp  mixture. 

The  value  of  hydrated  lime  as  a 
watertightening  medium  will  not  be 
lost  due  to  the  minimum  amount  of 
water  used  in  a  dry-tamp  mixture. 
Hydrated  lime,  as  a  watertightening 
medium,  acts  in  two  ways:  First,  it 
is  a  more  finely  divided  material  than 
cement  and  serves  to  fill  the  voids ; 
second,  it  increases  the  workability 
of  the  concrete  so  that  the  greatest 


possible  density  can  be  obtained  in 
tamping.  The  more  dense  a  cement 
product  may  be,  just  so  much  great- 
er is  the  possibility  of  its  being  able 
to  resist  the  passage  of  water. 

Block  manufacturers  who  are  us- 
ing hydrated  lime  claim  that  their 
products  leave  the  forms  very  clear- 
ly and  dry  out  uniformly  light  in 
color. 

In  view  of  the  possibility  of  an 
increase  in  strength,  a  dense  water- 
tight product  and  a  uniformly  light 
color,  the  incorporation  of  hydrated 
lime  in  concrete  products  is  war- 
ranted. 

By  Mr.  Conwell. 

With  respect  to  the  use  of  hy- 
drated lime  in  dry-tamped  mixtures 
of  concrete,  I  would  state  first  that 
the  greater  plasticity  of  the  mixture 
containing  hydrated  lime  will  en- 
able it  to  be  cast  more  perfectly. 
That  is,  the  concrete  containing  hy- 
drated lime  will  better  conform  to 
the  molds,  which  result  should,  in  my 
opinion,  be  attained  with  less  labor 
and  care  in  tamping. 

As  to  the  amount  of  gauging 
water  to  be  used,  I  feel  that  the 
addition  of  hydrated  lime  will  neces- 
sitate the  use  of  slightly  more  gaug- 
ing water,  since  hydrated  lime  re- 
quires more  gauging  water  than  an 
equal  quantity  of  Portland  cement. 
I  do  not  believe,  however,  that  it 
will  be  possible  to  use  a  notably 
greater  quantity  of  water  than  with 
a  straight  Portland  cement  mixture, 
particularly  if  the  product  is  re- 
moved from  the  molds  immediately 
after  casting,  for  under  those  cir- 
cumstances, the  presence  of  even  a 
slight  excess  of  gauging  water  would 
lead  to  breakage  of  many  of  the 
block. 

Referring  to  the  disposition  of 
the  water  taken  up  by  hydrated 
lime,  it  is,  of  course,  true  that  a 
portion  of  this  water  is  eventually 
taken  in  combination  by  the  cement 
and  assists   toward  the  setting  and 
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hardening  of  the  cement.  This 
water  is,  of  course,  available  for 
combination  with  the  cement  during 
its  later  hardening  stages,  when  in 
straight  Portland  cement  concrete 
little,  if  any,  additional  water  is 
available  and  it  is  not  illogical  to 
expect  an  improvenunt  in  the 
strength  of  the  block  from  this  cir- 
cumstance. 

It  should  be  kept  in  mind  by  any- 
one using  hydratcd  lime  in  this  way 
tliat  the  more  j)lastic  the  hydrated 
lime  used,  the  greater  benefit  will  be 
conferred  by  it  on  a  concrete  mix- 
ture. Extremely  thorough  incorpor- 
ation of  the  hydratcd  lime  with  the 
mixture  is  also  vital  to  success  in  its 
use.  It  should  be  also  realized  that 
in  spite  of  the  benefits  accruing  from 
the  use  of  hydrated  lime,  it  will  not 
and  should  not  be  expected  to  over- 


come the  use  of  improperly  propor- 
tioned aggregates  of  aggregates  of 
inferior  quality. 

By  Mr.  Hurd. 

With  reference  to  the  use  of  hy- 
drated lime  in  dry-tamp  mixtures  of 
concrete,  we  have  no  difficulty  in 
block  work  from  the  use  of  hydrated 
lime.  We  use  15%  of  hydrated  lime 
to  the  amount  of  cement  (by  volume) 
and  the  average  amount  of  water 
used  in  the  manufacture  of  our  block 
is  20%  (by  weight  of  the  cement.) 
Tamping,  if  properly  done,  should 
take  care  of  any  surplus  water,  and 
no  difficulty  should  be  experienced 
in  handling  the  block  taken  immedi- 
ately from  the  ordinary  block  ma- 
chine. Possibly,  in  some  instances, 
the  plates  miglit  stick  a  little,  but  if 
properly  cleaned,  there  should  be  no 
serious  trouble. 


Cracking  and  Discoloration  in  Sand- 
Finished  Stucco  Surfaces  □         □ 


The  Following  Question's  Are 
Discussed  By: 

Wm.  M.  Kinney^ 

W.  A.  Davis= 
E.  K.  Borciiard^ 

J.  M.  Gibson* 

F.  O.  White' 

L.  C.  Wason" 

"How  can  I  put  on  a  sand-finish 
stucco  that  will  not  crack  and  that 
will  hold  a  uniform  color?  Of  what 
value  is  the  use  of  short-fibre  asbes- 
tos in  correcting  this  condition?  Can 
a  coating  in  the  nature  of  a  lime- 
cement  wash  be  applied  that  will 
give  satisfactory  results?" 


By  Mr.  Kinney 

Checking  and  cracking  of  a  sand- 
finished  stucco  surface  can  be  mini- 
mized by  careful  attention  to  details 
but  discoloration  is  a  matter  which 
it  is  harder  to  overcome.  It  is  a  far 
more  difficult  matter  to  prevent  dis- 
coloration on  sand-finished  surfaces 
than  on  surfaces  which  are  given  a 
rough-cast  finish.  The  latter  can  be 
applied  rapidly  enough  to  complete 
the  whole  side  of  a  house  in  a  day's 
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time  and  v.  hen  once  applied,  needs 
no  further  manipulation.  A  sand 
finish,  on  the  other  hand,  requires 
more  time  and  smaller  areas  must 
be  gone  over  in  obtaining  the  prop- 
er texture,  so  that  the  chance  for 
discoloration  is  greatly  increased. 
Although  much  depends  upon  the 
use  of  a  properly  proportioned  mix- 
ture, the  result  is  largely  a  matter 
of  manipulation.  .\  great  deal  de- 
pends upon  the  skill  and  thorough- 
ness displayed  by  the  workmen. 
The  manner  in  which  the  workmen 
trowel  the  surface  will  influence  the 
color.  Sometimes  different  shades 
mav  be  seen  simil.ir  to  those  notice- 
able on  the  surface  of  a  newly  com- 
pleted sidewalk,  half  of  which  has 
been  finished  from  one  side  and  half 
from  the  other. 

Overworking  and  overtroweling  of 
a  sand  finish  will  bring  too  much  of 
the  fine  material  to  the  surface  and, 
as  in  the  case  of  sidewalks  and 
floors,  will  cause  trouble  through 
checking  and  cracking.  Over-rich- 
ness of  mixture  is  another  cause  of 
troube  and  we  believe  that  for  a 
sand-finished  stucco  surface,  the  fin- 
ish coat  should  generally  be  mixed 
in  proportions  of  1  sack  of  cement 
to  S^o  of  fine  aggregate. 

One  experienced  plasterer  has 
suggested  that  when  the  finish  has 
been  applied,  floated  and  troweled, 
the  workman  go  over  the  surface  af- 
ter the  finish  has  begun  to  harden, 
using  a  float  covered  with   soft  car- 


l>et  or  felt,  in  order  to  even  up  the 
appearance  of  the  wall  both  as  to 
texture  and  color.  In  this  way  he 
believes  surface  checking  can  be 
overcome,  and  the  chance  of  discol- 
oration greatly  lessened. 

Hot  sun  or  winds  produce  rapid 
drying  of  stucco  surfaces,  which  re- 
sults in  checking  to  a  considerable 
extent;  under  such  conditions  the 
surface  should  be  protected  by  hang- 
ing wet  blankets  in  front  of  the 
wall  and  keeping  them  wet  for  sev- 
eral days,  or  by  spraying  the  wall 
with  water  frequently  after  it  has 
hardened  sufficiently  to  prevent  in- 
jury. 

Bv  !Mr.  Davis 

This  is  a  finish  we  are  rarely 
called  upon  to  use,  but  from  what 
we  can  learn  the  cracking  in  such 
work  is  generally  caused  by  shrink- 
age due  to  the  base  being  put  on 
lumber  not  thoroughly  seasoned.  If 
the  trouble  is  not  from  the  base  it 
is  evident  that  either  the  finish  or 
the  application  is  at  fault.  The  fin- 
ish should  be  mixed  in  the  propor- 
tion of  1  part  cement  to  2  parts 
of  very  sharp  sand  which  has  been 
thoroughly  washed.  To  form  per- 
fect adhesion  this  should  be  applied 
on  a  base  which  is  very  wet. 

We  have  had  no  experience  with 
short-fibre  asbestos,  but  our  judg- 
ment would  be  that  it  would  not 
stop  the  cracking. 

A  uniform  color  can  be  obtained 
by  a  lime-eenient  wash,  provided  the 
lime  is  allowed  to  stand  until  the 
heat  is  worked  out,  otherwise  it  will 
air-slack  after  application  and  flour 
off. 

By  Mr.  Borchard 

The  best  method  of  obtaining  a 
sand  finish  for  stucco  work  is  to 
float  the  surface  with  a  wooden  float 
covered  with  burlap.  This  finish 
may  also  be  obtained  by  using  a 
wooden  float  made  of  rough,  unfin- 
ished board.  Where  finishes  of  this 
kind  crack  and  the  cause  is  not  due 
to  an  insecure  base,  it  is  probable 
that  the  cracking  is  due  to  the  stucco 
not  being  properly  cured.  It  is  very 
essential  that  stucco  does  not  dry  too 
quickly.  If  the  surface  is  exposed 
to  the  sun  it  should  be  covered  with 
a  wet  canvas  or  sprinkled  frequently. 

It  is  our  opinion  that  short-fibre 
asbestos  would  not  assist  in  prevent- 
ing cracking  in  stucco  work.  We 
would  not  advocate  the  use  of  a  lime- 
cement  wash,  owing  to  the  fact  that 
there  is  danger  of  its  cracking  and 
peeling  off  in  the  course  of  time. 

By  Mr.  Gibson' 

Outside  stucco  should  never  finish 
less  than  1"  thick.     That  allows  %" 
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for  a  scratch  coat,  %"  for  a  brown 
coat  and  1/4"  for  the  finish  coat. 

The  utmost  care  should  be  exer- 
cised in  selecting  the  sand  for  stucco; 
it  must  be  absolutely  free  from 
loam  or  any  organic  matter.  Not 
onl_v  will  dirt}'  sand  prevent  the 
proper  curing  of  cement,  but  it  will 
discolor  the  fresh  coat.  Sand  used 
in  stuccoing  should  be  clean,  coarse 
and  angular,  the  cement  of  the  best 
brands  obtainable,  and  if  lime  putty 
is  used  it  should  be  well  seasoned 
and  not  to  exceed  10%.  The  best 
hair  binder  or  fibre  should  be  used 
in  the  scratch  coat,  but  it  is  not  ne- 
cessary" in  the  brown  coat.  Before 
applying  one  coat  on  another  the 
preceding  coat  should  be  scarified, 
scratched  and  thoroughly  dampened 
so  as-  to  prevent  the  absorption  of 
water  from  the  new  coating. 

In  applying  the  finish  coat,  to 
obtain  what  is  known  as  a  sand  fin- 
ish, a  slight  excess  of  sand  is  used 
in  the  mixture,  and  the  plaster  is 
not  allowed  to  get  very  wet.  The 
sand  should  be  large-grained  and 
coarse. 

It  is  not  well  to  trowel  the  ex- 
ternal coat  too  much,  as  it  is  apt  to 
cause  the  plaster  to  crack  and  scale 
off.  All  cement  surfaces  will  ulti- 
mately develop  incipient  cracking  or 
hair-cracks.  In  a  rough-sand  finish 
these  cracks  do  not  show  except  on 
close  examination. 

If  the  above  specifications  are  fol- 
lowed, good  workmanship  is  used 
and  absolutely  the  best  of  materials, 
with  a  special  emphasis  on  clean, 
coarse  sand,  there  should  be  no  trou- 
ble in  obtaining  a  stucco  exterior 
which  will  become  more  beautiful  as 
Time  goes  on. 

Bv  Mr.   Wason 

The  value  of  the  use  of  short  fib- 
rous asbestos  is  similar  to  that  of 
using  cattle  hair  or  cocoanut  fibre  to 
give  density  to  the  mortar  in  its  first 
coat  so  that  it  will  cling  to  the  lath. 
I  do  not  believe  that  a  coating  of 
the  nature  of  lime-cement  wash  can 
be  applied  to  give  satisfactory  re- 
sults. It  is  too  thin  and  will  crack 
and  peel.  I  should  expect  that  the 
trouble  was  due  to  porosity  of  the 
stucco  as  a  whole.  Rain  drives  into 
it  and  some  returns  to  the  surface, 
bringing  with  it  soluble  salts  which 
are  deposited,  giving  discoloration. 
The  remedy  is  to  waterproof  the  ex- 
terior  surfaces. 

CrackinsT  is  caused  by  the  frame 
of  the  building  not  being  sufficiently 
braced  to  be  rigid  and  perhaps  built 
with  such  green  lumber  that  its 
shrinkage  will  cause  cracking,  or  bv 
insufficient  lapping  of  sheets  of  lath 
and  tying  of  them  together.  On 
very     large     surfaces,     the     natural 


shrinkage  of  the  material  is  suffi- 
cient to  cause  cracking  independent 
of  the  above  causes. 

By  Mr.  White 

Sand  finish  that  will  not  crack  has 
to  be  put  on  in  two  coats  or  three 
coats,  the  first  coat  allowed  to  dry 
and  shrink  all  that  it  will  before  the 
second  coat  is  put  on ;  the  second 
coat  should  not  be  too  fat  with  ce- 
ment, not  more  than  a  2:1  mixture. 

The  last  coat  should  not  be  al- 
lowed to  dry  out  too  quickly;  the 
more  time  it  takes  in  drying,  the  bet- 
ter will  be  the  work. 

I  do  not  know  anything  about 
short  fibre.  I  should  think  it  would 
be  a  good  material  if  used  in  the 
right  manner;  this  one  would  get 
from  short  experience  in  using  the 
material. 

Lime-cement  wash  is  of  little 
value  except  to  make  the  work  look 
better  for  a  short  time,  as  a  ceiling 
will  look  after  it  is  whitewashed.  It 
does  fill  up  any  cracks  in  the  sur- 
face of  the  work.  This  is  of  some 
help.  Work  properly  done  will  not 
need  any  of  this  treatment. 

There  are  on  the  market  several 
good  cement  paints  that  are  good  for 
this  treatment,  that  will  last  for  a 
long  time  and  that  will  leave  a  good 
even  color. 

To  get  a  good,  natural,  even  sur- 
face. I  should  select  my  sand  for 
jjurity,  mix  in  a  clean  box,  using  a 
clean  water,  and  put  on  a  lath  that 
was  not  rusted.  If  rusted,  be  sure 
that  the  first  coat  is  dried  not  before 
the  second  coat  is  put  on.  I  should 
use  white  sand  if  I  could  get  it. 


Depreciation  of  Con- 
crete Buildings  n 

The    Following  Question   is   Dis- 
cussed Bv: 

.1.  H.  P.  Perry^ 
Leokard  C.  Wasox- 

IVhat  rate  of  depreciation  should 
he  cliarged  against  reinforced  con- 
crete  industrial   buildings? 

By  Mr.  Perry 

This  is  a  most  interesting  ques- 
tion, on  which  I  have  never  seen  anv 
authoritative  discussion.  Personallv, 
I  have  generally  felt  that  14  of  1% 
per  annum  is  sufficient  depreciation 
to  charge  against  concrete  buildings 


aside  from  the  commercial  value  fac- 
tor which  varies  in  every  locality 
and  every  usage.  ]Most  of  the  auth- 
orities allow  114%  per  annum  de- 
preciation on  first  class  mill  con- 
struction buildings  and  certainly 
with  concrete  factories  and  ware- 
houses, 1/4  of  1%  should  be  enough, 
inasmuch  as  the  only  foreseeable  de- 
preciation will  be  largely  in  roofing, 
doors  and  windows ;  the  structure  it- 
self is  as  permanent  as  anything  we 
know  of. 

The  Pacific  Coast  Borax  Co. 
building,  the  first  commercial  con- 
crete building  erected  in  the  East  at 
least,  was  built  in  '97  and  '98  and 
is  today  in  good  condition.  The 
Robert  Gair  Co.  factory — the  first 
really  large  industrial  plant  built — 
was  constructed  in  1904  and  so  far 
as  we  can  see  today  is  as  good  as 
ever,  with  the  exception  of  a  slight 
wear  on  the  floor.  These  are  the 
oldest  records  which  our  company 
has  any  direct  acquaintance  with. 
We  do  not  know  what  rate  of  de- 
preciation the  owners  carry  on  their 
books  in  connection  with  these  two 
buildings. 

I  would  like  very  much  to  see 
further  discussion  of  this  subject. 

By  :Mr.  Wason 

This  is  a  subject  with  which  I  am 
not  very  familiar.  I  cannot  give 
you  any  figures,  but  discussions 
which  I  recall  by  others  who  have 
investigated  have  always  set  the  per- 
centage of  depreciation  a  little  lower 
than  that  of  any  other  type  of  con- 
struction. 


The  effect  of  concrete  roads  on 
horseshoes  has  recently  been  dis- 
cussed by  the  resident  engr,  of  the 
Southeastern  Division  of  the  Mary- 
land State  Highway  Comm.  The 
issue  rose  through  statements  of  the 
farmers  that  concrete  roads  necessi- 
tate more  frequent  renewal  of  horse- 
shoes than  surface-treated  macadam 
roads.  In  the  district  referred  to, 
observation  has  been  made  of  the 
effect  of  each  class  of  road  upon 
horseshoes.  From  actual  examina- 
tion, W.  F.  Childs.  the  engineer  in 
question,  reports  that  while  horse- 
shoes do  wear  more  rapidly  on  con- 
crete, they  last  longer.  This  is  ex- 
])lained  by  the  fact  that  on  concrete 
roads  the  entire  shoe  not  only  wears 
evenly  throughout,  but  will  maintain 
its  hold  until  very  thin,  whereas  on 
macadam  roads  uneven  and  half- 
worn  shoes  indicate  that  they  have 
been  twisted  off  by  the  rough  sur- 
face. 
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Correspondence  :  a  Department 

in  Which  the  Reader  Becomeis  the   Writer         a 

^ 'I  -..  ■ 

This  is  your  department.  It  is  informal.  Use  it.  This  is  the 
place  fur  letters  which  have  either  inspiration  or  information  for 
the  ''other  fellow.''^  It  k  tcell  to  rcmemhcr  that  yon  are  iisually 
in  his  position.  If  you  are  to  get  the  good  out  of  these  columns, 
why  7iot  help  to  make  them  good  ?  Jl^rite  about  your  work. 
Help  the  Other  "other fellow.'"  n  n  n 


Should  More  Than  One  Mixture  Be 
Used  on  Buildings  ?  a  o 


111  my  estimation  it  would  be  of 
interest  to  learn  what  contractors 
and  engineers  in  general  think  of 
the  practice  of  using  several  differ- 
ent mixtures  of  concrete  in  different 
portions   of  a  structure. 

My  observation  has  been  that  the 
usual  reason  for  the  employment  of 
different  grades  of  concrete  is  one 
of  economy  or  a  desire  to  effect  a 
certain  architectural  treatment  of  the 
surface. 

.  Let  us  consider  at  the  outset  the 
question  of  economy.  From  the 
standpoint  of  the  designer  it  is  legit- 
imate to  specify  a  lean  mixture 
wherever  the  concrete  is  in  mass 
and  not  subjected  to  very  great  com- 
pressive stresses,  and  a  richer  mix- 
ture where  all  possible  compressive 
strength  is  desired,  as  in  heavily  re- 
inforced work.  A'iewed  from  the 
standpoint  of  the  contractor,  the  use 
of  many  mixes  may  not  in  all  cases 
be  economical,  since  much  additional 
labor  may  be  entailed  in  building 
forms  so  as  to  allow  the  proper 
placing  of  the  mixtures  specified, 
and  also  in  the  actual  pouring  of 
the  concrete. 

In  heavy  foundation  work  of 
plain  concrete,  such  as  bridge  pier 
footings  and  column  footings  in 
buildings,  where  a  1:3:5  mixture  is 
often  used,  a  real  economy  is  no 
doubt  efl"ected,  since  the  placing  of 
these  portions  of  the  structures  is 
always  a  separate  operation  as  re- 
lated to  the  rest  of  the  structure. 
However,  where  the  conditions  of 
design  are  such  as  to  require  the 
employment  of  more  than  one  grade 
of  concrete  in  parts  of  the  struc- 
ture which  should  or  must  be  con- 


-A  Letter  From  A.  M.  Woi.f^ 


structed  simultaneously,  it  mav  be 
more  satis  factorv  and  economical  to 
use  the  richer  mixture  throughout 
rather  than  cause  delays  and  disar- 
rangement of  the  labor  organization 
by  switching  from  one  mixture  to 
the  other  at  relatively  short  inter- 
vals. Then  again  under  such  con- 
ditions some  errors  in  placing  are 
bound  to  occur  unless  the  inspection 
is  constant  and  vigilant.  The  ten- 
dency in  such  cases  is  almost  with- 
out exception,  if  any  mistake  is 
made,  to  place  the  weaker  mixture 
where  the  richer  concrete  is  re- 
quired for  structural  reasons,  and 
vice  versa.  The  placement  of  the 
wrong  grade  of  concrete  in  impor- 
tant members  of  a  structure  may 
lead  to  overstressing  of  the  concrete 
,ir  even  to  failure,  and  for  this  reason 
varying  the  quality  may  not  be  good 
practice. 

In  ordinary  concrete  work  the 
cost  of  the  cement  is  only  a  rela- 
tively small  portion  of  the  entire 
cost  and  a  slight  change  in  the 
amount  of  cement  used  in  various 
portions  will  effect  no  material  sav- 
ing, all  other  things  being  consid- 
ered. 

It  is  general  practice,  especially 
in  large  concrete  buildings,  to  use  a 
richer  mixture  (1:2  :i)  in  order  to 
keep  the  column  sizes  as  small  as 
possible  by  taking  advantage  of  the 
additional  load-carrying  capacity  of 
the  richer  mixture.  This  is  permis- 
sible and  economical  practice,  but 
demands  the  most  careful  inspection 
to  insure  the  richer  mix  being  placed 
in  all  columns.  No  doubt  in  many 
buildings  where  the  inspection  was 
lax  the  concrete  in  columns  is  no 
different    from    that    in    the    floors. 


even  though  a  better  grade  was  spe- 
cified in  the  former. 

Where  architectural  treatment  is 
the  main  consideration  the  use  of 
different  mixtures  involving  a  change 
in  the  amount  of  cement  and  also 
the  class  of  aggregate  for  the  plac- 
ing may  be  a  necessity  in  order  to 
|)ermit  the  proper  surface  finish.  If 
this  mixture  is  jilaeed  as  a  thin  layer 
•  it  the  same  time  as  the  backing,  the 
cost  of  the  concrete  is  greatly  in- 
creased because  of  the  difficulties  at- 
tendant with  placing.  If  the  e.x- 
posed  surface  area  is  great  as  com- 
])ared  with  the  total  yardage  of  eon- 
irete  in  the  part  in  question,  econ- 
omy may  be  efl'ected  by  using  the 
facing  mixture  (or  slightly  modified) 
throughout. 

As  a  general  rule,  in  the  writer's 
estimation,  contractors  are  inclined, 
and  justly  so,  to  add  considerable 
for  contingencies  on  jobs  where 
many  different  grades  of  concrete 
are  to  be  employed  and  instead  of 
resulting  economically  for  the  owner 
such  a  specification  is  really  detri- 
mental to  his  interests  and  the  engi- 
neer will  do  well  to  reduce  the  num- 
ber of  classes  of  concrete  to  an  ab- 
solute minimum  by  confining  the 
changes  in  mix  to  such  parts  as  are 
not  built   siraultaneouslv. 


Ma;/.  WIS 


According  to  the  I,ittle  Rock, 
Ark.,  Gazette,  the  State  penitentiary 
(n  that  state  has  made  improvements 
this  year  for  a  sum  of  less  than  $100 
which  "at  first  sight  would  have  ap- 
])eared  to  have  cost  several  thousand 
dollars."  The  floors  of  all  buildings 
and  stables  have  been  concreted,  and 
many  other  improvements  in  connec- 
tion with  sanitary  impjovements 
have  been  made  and  the  value  of  the 
property  greatly  increased.  Here  is 
the  meat  of  the  whole  matter,  the 
Gazette  says:  "And  it  shows  how 
the  cost  has  been  paid  out  of  what 
was  regarded  as  waste  in  the  past." 
To  pay  for  the  cement  used  in  the 
penitentiary  the  commission  traded 
sacks  that  had  accumulated.  "Each 
sack  is  worth  10  cts.  and  by  collect- 
ing hundreds  of  these  on  the  state 
farm  and  around  the  walls  the  offi- 
cials were  able  to  pay  for  practi- 
cally all  the  cement  used  in  the 
work."  This  little  experience  teaches 
a  practical  lesson  in  what  can  be 
done  in  many  places  by  simply  car- 
ing for  sacks  and  utilizing  them. 
The  sacks  were  returnable  in  the  first 
place  but  careless  management  and 
careless  accounting  paid  the  cement 
makers  in  full  without  taking  deduc- 
tions for  sacks. 

[■331] 
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Fig.  1 — General  View  of  Briule  Over   Highway  at  Hallstead,  Pa. 

A  Reinforced  Concrete  Slab  Railroad  Bridge  With 
Skeleton  Piers  and  Cantilever  Abutments 

By  Albert  M.  Wolf,  C.  E. 


The  Church  St.  overhead  bridge 
of  the  D.  L.  &  W.  R.  R.  at  Hall- 
stead,  Pa.,  is  one  of  the  small  but 
interesting  structures  built  by  this 
road  on  its  relocated  line  between 
Hallstead  and  Clark's  Summit,  in 
connection  with  which  the  ^Martin's 
Creek  and  the  Tunkhannock  Creek 
viaduct  were  built.  This  bridge 
crosses  Church  St.,  which  is  50' 
wide,  at  a  50°  21'  skew,  carries  four 
tracks  on  the  spiraled  end  of  a  2° 
curve  and  has  an  underclearance  of 
14'.  The  concrete  slab  deck,  com- 
posed of  two  roadway  spans,  16'  6" 
o.  c,  and  two  sidewalk  spans  9'  6" 
o.  c,  is  carried  on  three  lines  of 
skeleton  piers  and  abutments  canti- 
levered  out  from  the  curb  line  piers 
(Fig.  2). 

These  abutments  are  the  unique 
part  of  the  design,  their  use  having 
been  decided  upon  because  the  street, 
being  on  a  8-ft.  fill,  necessitated  an 
excavation  of  about  14'  to  find  suit- 
able material  on  which  to  place  the 
footings.  To  use  gravity  abutments 
would  have  meant  the  use  of  a  large 
amount  of  concrete  which,  coupled 
with  the  excavation  necessary  there- 
for, would  have  been  very  costly. 
Accordingly  the  curb  pier  footings 
were  combined  with  cantilever  shap- 
ed footings  perpendicular  to  them  at 
15-ft.  centers  which  carried  counter- 
forts for  the  vertical  slab  14'  6" 
high,  which  forms  the  abutment  face 
to  retain  the  fill ;  the  sidewalk  slab 
connects  the  stem  of  T's  which  at 
their  outer  ends  carry  the  counter- 
forts. The  abutment  slab  was  de- 
signed as  a  horizontal  beam  for  a 
moment  of  WL/10  between  counter- 
forts for  both  positive  and  negative 
moment  and  the  same  amount  of 
steel  used  in  both  faces  in  the  form 


of  straight  bars.  Vertical  reinforce- 
ment was  used  in  both  faces  to  dis- 
tribute loads  and  care  for  tempera- 
ture stresses.  The  cantilever  foot- 
ing T-beams  are  5'  wide  and  extend 
13'  3"  beyond  the  line  of  curb  pier 
footings  so  as  to  distribute  the  load 
uniformly  over  the  area  at  a  pres- 
sure of  3  tons  per  sq.  ft.,  which  was 
deemed  the  maximum  allowable  for 
the  soil  encountered. 

The  abutment  wing  walls  are  de- 
signed as  counterfort  retaining  walls 
with  the  face  slab  carried  down  just 
below  sidewalk  level,  except  for  one 
wing,  which  is  flared  at  73.5°, 
where  this  slab  is  carried  down  to 
the  footing. 

The  piers  are  of  skeleton  con- 
struction consisting  of  six  reinforced 
concrete  columns  15'  o.  c.  resting  on 
n  continuous  slab  footing  5'  wide 
for  center  pier  and  4'  6"  for  curb 
pier,  and  2'  6"  thick.  They  are 
connected  at  the  top  by  a  girder  3' 
9"  thick  with  elliptical  arched  con- 
nections. This  girder  is  designed 
for  the  same  moment  as  if  it  were 
simply  supported  with  half  the  bars 
in  each  span  bent  up  at  each  end  to 
give  the  same  area  of  steel  in  the 
top  over  columns  as  in  the  bottom  at 
mid-span.  The  columns  rest  on  en- 
larged plinths  extending  from  the 
footings  to  1'  above  grade.  The  in- 
termediate columns  are  2'  thick  at 
right  angles  to  street  and  3'  4"  in 
the  other  dimension,  while  the  end 
columns  have  a  45°  nosing  project- 
ing 8"  to  add  to  the  architectural 
appearance. 

The  deck  slab,  2'  3"  thick  over 
the  center  pier,  is  sloped  down  to 
2'  over  curb  pier  and  12^2"  over 
the    abutment    wall    to    provide    for 


drainage  of  the  deck  and  also  for 
the  decreased  resisting  moment  re- 
quired in  the  shorter  sidewalk  slabs. 
These  slabs  were  designed  as  con- 
tinuous over  supports  for  a  moment 
WL/10  with  span  taken  at  right 
angles  to  piers,  the  paneled  parapet 
beam  being  designed  to  take  care  of 
the  load  coming  onto  it  owing  to  the 
skew  of  the  bridge.  The  reinforc- 
ing bars  were  bent  up  over  the  piers 
to  provide  the  same  amount  of  rein- 
forcing as  in  the  bottoms  of  slabs. 
The  deck  was  constructed  as  one 
monolithic  slab  without  expansion 
joints. 

To  enhance  the  appearance  of  the 
structure  a  reinforced  rail,  consist- 
ing of  a  panel  with  a  series  of 
square  openings  on  the  diagonal  set 
between  concrete  posts  over  piers 
and  abutments,  was  placed  upon  the 
parapet     girder.       The     illustration 


Fig.  2 — Half  Ceoss-Section 

gives  some  idea  of  the  excellent  ap- 
pearance of  the  structure  mainly  due 
to  the  straight-line  architectural 
treatment,  which  conveys  the  idea  of 
massiveness   and  stability. 

The  bridge  was  designed  for  a 
live'  load  approximately  equivalent 
to  Cooper's  E-60,  the  slabs  being 
computed  for  this  load  uniformly 
distributed  with  impact  added  in 
accordance  with  the  formula 
L.L.XL.L. 

1= 

D.  L.+L.  L. 
The  unit  stresses  used  were: 

Tension  in  steel 1 6,000  lbs.  per  sq.  in. 

Cross-bending:  compression 
in  concrete  650    '*       "     "     " 

Shear  in  reinforced  con- 
crete          60    "      "    "    " 

Bond  on  deformed  bars..      100    "       *'     "     '* 

Where  it  was  necessary  to  lap  re- 
inforcing bars  a  lap  of  40  times  the 
least  diameter  was  used.  All  ex- 
posed edges  of  the  structure  were 
given  a   1-in.  chamfer. 

This  bridge  was  designed  by  the 
D.  L.  &  W.  R.  R.  engrg.  dept,  G. 
F.  Ray,  chf.  engr..  and  A.  B.  Cohen, 
concrete  engr.,  and  was  built  by  the 
W.  H.  Gahagan   Contr.  Co. 
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Organizations 


American  Concrete  Institute,  Leonard 
C.  Wason,  President,  27  School  St.,  Bos- 
ton. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,  Chicago. 

American  Iliphwav  .\ssociation,  Colo- 
rado Hldp,,  Washington,  D.  C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 
N.  Y.   C. 

Association  of  American  Portland  Ce- 
ment Manufacturers  (Portland  Cement 
Association),  J.  P.  Beck,  Gen.  Mgr., 
Ill   Washington   St.,  Chicago. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  Robt.  F. 
Hall,  Secy. 

Mid  West  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Oma- 
ha, Neb. 

Second  National  Conference  on  Con- 
crete Road  Building,  J.  P.  Beck,  Secy., 
208  S.  LaSalle  St.,  Chicago. 


Chicago  Engineers  Jnaugxi- 
rate  Preparedness  Campaign 

A  jrroup  of  engineers  and  con- 
tractors of  Cliicago  and  vicinity  have 
co-opcratrd  in  forming  a  Joint  Com- 
mittee on  Military  Engineering.  The 
founders  are  members  of  leading  en- 
gineering and  contracting  organiza- 
tions of  Chicago,  including  the  local 
branches  of  the  national  engineering 
societies. 

The  purposes  of  the  Committee 
are  to  further  military  preparedness 
among  engineers,  contractors  and 
their  associates  by  the  following 
means: 

1.  Courses  of  lectures;  2.  Assign- 
ed reading;  3.  Studies  and  practical 
instruction  in  military  engineering; 
4.  Assisting  engineers  to  qualify  as 
officers  in  the  National  Reserve 
Corps  of  Civilian  Engineers;  5.  Urg- 
ing enlistment  in  and  support  for 
engineer  troops  of  the  National 
Guard  and  such  other  organizations 
as  the  government  may  create ;  6. 
Furthering  instruction  in  military 
engineering  in  training  camps  and 
the  attendance  in  them  of  those 
qualified;  7.  By  such  other  means  as 
from  time  to  time  may  be  deemed 
advisable. 

The  Joint  Committee  has  already 
prepared  a  program  covering  the 
vital  points  outlined.  The  program 
is  practically  complete  for  a  period 
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extending  from  Apr.  20  to  July  2.'5. 
Something  of  interest  will  be  taken 
up  each  week,  including  lectures  by 
Lieut.-Col.  W.  B.  Judson,  Engr. 
Corps,  U.  S.  Army ;  two  lectures  by 
Maj.  P.  S.  Bond,  Engr.  Corps,  U. 
S.  Army;  Lieut.-Col.  Mason  M.  Pat- 
rick, Engr.  Corps,  U.  S.  Array,  and 
several  exhibition  drills,  terrain  ex- 
ercises and  inspection  trips  under 
the  direction  and  guidance  of  vari- 
ous officers  of  the  Engr.  troops  of 
tiie  Illinois  Natl.  Guard.  Additions 
to  the  program  will  be  m.ide  from 
time  to  time. 

Engineers,  contractors  and  tlirir 
associates  in  Chicago  and  vicinity 
are  invited  to  join.  Correspondence 
should  be  addressed  to  the  Secy., 
Hobt.  F.  Hall,  111  W.  Washington 
.St.,  Chicago. 

The  directors  of  the  Joint  Com- 
mittee are:  Wharton  Clay,  Chmn.; 
Robt.  W.  Hunt.  Vice-Chmn.:  Robt. 
F.  Hall.  Sec.-Treas. :  Bion  J.  Arn- 
old, W.  W.  DeBerard.  J.  de  N.  Ma- 
comb. Jr.,  H.  S.  Baker.  Robert  I. 
Randolpli   .'iiid   \"(  riKui   C.  M'.ird.   .Tr. 


New  Publications 


Detailed  Report  on  Lervis  and  Gil- 
mer Count y  (W.  Va.)  for  the 
West  Virginia  Geological  Survey 
—By  D.  B.  Roger,  660  pp.,  illust. 
with  30  half-tone  plates  and  12 
figs.,  cloth  bound,  with  maps  in 
separate  case;   price,  $2.00. 

Concrete  Feeding  Floors,  Barnyard 
Pai'ements  and  Concrete  IValks — • 
The  Portland  Cement  Assn.,  Chi- 
cago, paper,  6"  x  P".  8  pp..  illust. 
Advantages  of  a  concrete  feeding 
floor  to  the  farnu^r  and  the  meth- 
ods for  constructing  tiiese  floors 
are  well  presented  in  this  interest- 
ing publication,  which  will  be 
sent  free  on  application. 

Metal-Mine  Accidents  in  the  U.  S. 
in  the  Calendar  Year  19H — Tech- 
nical Paper  129,  compiled  by  Al- 
bert H.  Fay,  issued  by  the  Dept. 
of  the  Interior,  Bureau  of  Mines, 
Washington,  D.  C,  paper,  6"  x 
914",  9&  pp.,  illust. 

A  Limestone  Tester — By  Cyril  G. 
Hopkins,  Chief  in  Agronomy  and 
Chemistry,  University  of  Illinois, 
Urbana,  111.,  paper,  6"  x  9",  12 
pp.,  illust. 

Description  of  Mines  Branch  Labo- 
ratories— Bulletin  No.  13.  Can- 
ada Department  of  Mines.  Otta- 
wa, Ont..  paper,  Q^/^"  x  9%"j  72 
pp.,  plate  illust. 


Relation  Between  Properties  of 
Hardness  and  Toughness  of  Road- 
Building  Rock — By  Prevost  Hub- 
bard and  F.  H.  Jackson,  Jr.,  Re- 
print from  Journal  of  Agricultu- 
ral Research,  Department  of  Ag- 
riculture, Washington,  D.  C,  pa- 
per, 7"  X  1014",  16  pp. 

Apparatus  for  Measuring  the  Wear 
of  Concrete  Roads — By  A.  T. 
Goldbeck,  Reprint  from  Journal 
of  Agricultural  Research,  Depart- 
ment of  Agriculture,  Washington, 
D.  C,  paper,  7"  x  1014",  16  pp. 

School  of  Mines  and  Metallurgy — 
University  of  Missouri,  Rolla, 
Mo.,  paper,  6"  x  9",  106  pp., 
illust. 


Concrete  in  Cemeteries 

The  value  of  concrete  for  many 
purposes  is  daily  obtaining  an  in- 
creased recognition  in  our  leading 
cemeteries.  Its  permanency  is  no 
longer  questioned,  its  decorative  pos- 
sibilities are  having  constant  dem- 
onstration, and  so  cemetery  super- 
intendents and  others  having  charge 
of  the  practical  needs  of  the  ceme- 
tery as  well  as  its  beautification  and 
improvement  are  coming  to  depend 
more  and  more  upon  concrete  for  an 
almost  endless  variety  of  uses  in  the 
cemetery  of  today. 

The  many  products  which  have 
their  foundation  in  concrete  are 
hardly  known  to  many,  but  they  fur- 
nish a  diversity  of  effect  which  is 
of  value  in  artistic  buildings  planned 
for  the  modern  park  cemetery.  As 
a  foundation  for  posts,  as  well  as 
buildings,  for  floors,  for  many  uses 
in  the  greenhouse,  for  curbs,  gutters, 
driveways,  the  real  value  of  concrete 
is  rapidly  being  tested  and  proved. 
*  *  *  In  the  color  scheme,  which 
must  always  be  considered  seriously, 
we  find  that  concrete  offers  contrasts 
and  blendings  with  environments 
which  cannot  be  surpassed  in  any 
other  material  and  the  future  will 
witness  a  general  adaptation  to 
many  uses  of  which  there  is  no 
thought  now,  for  as  myriad  as  are 
its  uses  concrete  is  really,  one  might 
say,  in  the  infancy  of  its  entire  rec- 
ognition by  the  public.  More  and 
more  one  is  impressed  by  the  de- 
mand for  thought  along  every  line 
of  achievement.  Act  slowly  in  ma- 
turing plans  and  there  will  be  less 
opportunity  for  regret,  and  if  this 
is  ever  true  it  is  in  the  case  of  the 
cemetery,  which  is  not  the  habita- 
tion of  those  who  will  perhaps  soon 
be  away ;  it  is  the  abode  which  should 
above  all  things  anticipate  perma- 
nency.— Cemetery  Beautiful. 


CONCRETE 


A  Failure  of  Poor  JNIaterials 

— With  Inadequate 

Inspection 

Combating  poor  workmanship  and 
the  use  of  inferior  grades  of  mate- 
rials is  a  function  not  restricted  to 
the  conscientious  leaders  of  any  one 
industry.  The  accompanying  repro- 
duction of  a  page  from  a  recent  is- 
sue of  the  American  Lumberman  is 
an  example  of  failure  when  lumber 
of  inferior  grade  was  used  in  a  mill 
constructed  building  erected  in  Chi- 
cago about  four  years  ago.  The 
American  Lumberman  very  properly 
condemns  the  direct  cause  of  the 
failure,  which  was  the  substitution  of 
inferior  lumber.  That  such  a  state 
of  affairs  can  exist  in  a  building  pre- 
sumably erected  and  inspected  by 
experts    indicates    the    danger    that 


may   menace   every   mill   constructed 
building. 

The  pity  is  that  a  comparatively 
small  extra  outlay  would  have  pro- 
vided the  reinforced  concrete  build- 
ing which  the  owner  states  he  would 
gladly  pay  $20,000  to  have  in  place 
of  the  present  structure. 


Concrete  Markers  on 
Yellowstone  Trail 

The  accompanying  illustrations 
show  markers  made  of  concrete  on 
the  Yellowstone  Trail,  a  highway 
leading  from  Minneapolis  and  St. 
Paul  to  Yellowstone  Park.  Work  on 
this  road  is  being  "boosted"  by  the 
states  of  ISIinnesota,  North  Dakota 
and  Montana.  The  actual  work  of 
marking  the   trail   is  being  done  lo- 


cally in  counties  and  cities.  In  Bow- 
man Co.,  N.  D.,  the  road  is  marked 
every  1/2  ™i-  with  concrete  posts  8" 
X  8"  at  the  base,  with  tops  2'  6" 
high.  These  are  painted  a  chrome 
yellow,  which  is  the  trail  color. 
Where  the  trail  enters  Bowman,  both 
on  the  east  and  on  the  west,  there  is 
a  monument  7'  6"  high,  also  made 
of  concrete.  In  Edmunds  Co.,  N. 
D.,  markers  are  being  made  in  slab 
form  of  concrete,  as  shown  in  Fig. 
2.  They  are  18"  wide  and  stand 
3'  6"  above  ground.  On  the  face 
of  each  slab  is  inscribed  the  name  of 
the  nearest  town,  both  east  and  west, 
and  the  distances  to  them.  The  or- 
dinary trail  marker  is  used  in  Bow- 
man Co.  Small  as  it  is.  it  is  con- 
spicuous, as  is  shown  in  Fig.  1.  due 
to  the  topography  of  the  country. 


AMERICAN  LUMBERMAN 


INFERIOR  TIMBER  AN  ARGUMENT  FOR  SUBSTITUTES 

Loblolly  Supplied  for  Longtraf  Pine  Retult*  ib  Rapid  Deterioration— Entire  Structure  Threatened   With  Destruction 
Through  Dr>   Rot— Proper  Repair*  May  Neceaaitate  Heavy  Eipenae 


lutelr  dry    bting  uted   u  •  i^net  pl»e<   for   good;      pbed  mini  h«,«  b«n  looglc*!  ■  ■  »«»u«, "  be  n  »ll«(. 


IM  la  Ortar  t«  Bap«lr  Uu  Daiuf«  Wroagbt  by  Dtt  Bot  I>iuiii«  tha  Tout  t»m  Tb*t  B»Te  EUpMd  Sine*  It  Wm  Enctad. 

A   Beam  fkom  a  Mill  Coxstructios  Biildixg   Four  Years  Old 
(This  illustration  about  one-fourth   actual  size) 


Ik  1  \HI0»ST0NF  IrML  M\Rk-EE  As 
I    SFD     IN      r?0\\M\N     (  O        N       I) 

Fig.  9 — Trail  Marker  As  Used  in  Ed- 
munds Co.,  N.  D. 

Fig.  3 — Monument  on  Yellowstone 
Trail,  One  of  These  Marking  En- 
trance ON  Both  the  East  and  the 
West  Side 
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Aggregate  Studies  at  the  Winnipeg 
Aqueduct' 


By   James   H.    Fuertes 


The  Greater  Winnipeg  Water 
District  is  now  building  works  for 
securing  by  gravity  about  100,000,- 
■000  U.  S.  gals,  of  water  per  da. 
from  tile  Lake  of  the  Woods,  which 
lies  about  100  mi.  east  of,  and  some 
300'  higher  in  elevation  than  the 
'City  of  Winnipeg. 

Under  tiie  terms  of  the  contract 
the  District  agrees  to  deliver  the 
sand  and  gravel  to  the  contractor  at 
a  stated  price  per  cu.  yd.  Actually 
the  District  is  shipping  these  mixed, 
but  billed  as  sand  and  gravel  in  ac- 
cordance with  the  ratios  of  the  vol- 
umes that  the  sand  and  gravel  would 
make  separately,  these  having  been 
■determined  from  an  extended  labor- 
atory study  of  the  materials.  It 
■wouhl  be  impossible,  within  space 
limits,  to  do  justice  to  this  ))hase  of 
the  subject.  Owing  to  the  percent- 
age of  sand  in  the  gravel  pit  it  is 
necessary  to  dig  considerably  more 
material  than  can  be  made  into  con- 
crete aggregate.  Thus  in  August 
there  were  excavated  at  the  pit  ap- 
"proxim.itcly  2-KOOO  eu.  yds.  of  ma- 
terial, of  which  6,000  cu.  yds.  was 
stripping  and  18,000  eu.  yds.  of 
sand  and  gravel;  of  the  18,000  cu. 
yds.,  13.000  cu.  yds.  were  concrete 
aggregate,  a  large  proportion  of 
■which  contained  .^O^^fi  of  sand,  and 
5,000  cu.  yds.  was  ballast  and  foun- 
dation fill  material.  It  is  desirable 
that  the  percentage  of  sand  in  the 
concrete  aggregate  should  not  ex- 
ceed S5%  of  the  whole  in  order  to 
have  an  economical  concrete.  With 
a  larger  percentage  of  sand  the 
amount  of  cement  required  to  make 
a  -B'atertight  concrete  has  to  be  in- 
creased. With  a  proper  proportion- 
ing of  the  materials,  particularly  of 
the  sand,  by  using  certain  percent- 
ages of  sand  passing  the  100-mesh 
screen,  it  was  possible  to  make  con- 
crete that  was  watertight  under  80 
lbs.  pressure  per  sq.  in.,  with  about 
1  Canadian  bbl.  (350  lbs.)  of  ce- 
ment per  cu.  yd.  of  concrete.". 

From  a  long  series  of  samples  of 
the  materials  from  test  pits  in  the 
gravel  deposits  at  the  pit  it  was 
foimd  that  the  average  run   of  the 


'Summary  of  tests  given  in  extended  tab- 
ular form  as  insert  in  .loiirnal  of  the  West- 
ern Soc.  of  Engrs.,  Nov.,  1915 


better  samples  contained  about  3.3% 
of  fine  sand  passing  the  100-mesh 
sieve,  the  percentage  of  sand  to  total 
wide  limits.  It  was  also  recognized 
aggregate  varying  between  quite 
that  it  would  be  desirable  from  the 
point  of  view  of  economical  develop- 
ment to  use  as  large  a  proportion  of 
sand  in  the  final  aggregate  as  safety 
would  permit,  bearing  in  mind  that 
the  amount  of  cement  required  to 
make  tight  concrete  should  be  kept 
in  a  minimum.  The  allowable  ])er- 
centage  of  sand  was  finally  fixed  at 
35%  of  the  total  aggregate,  by 
weight,  and  the  series  of  tests  for 
permeability  is  based  largely  on 
this  percentage,  although  a  few  tests 
were  made  with  larger  and  smaller 
percentages. 

Fig.  1,  made  up  from  the  data  ob- 
tained in  the  tests,  shows  the  per- 
centages of  fine  sand  (jiassing  the 
100-mesh    sieve)    required    to    make 
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watertight  concrete  w'ith  10%  of  ce- 
ment (370  lbs.  of  cement  per  cu.  yd. 
of  set  concrete)  when  the  sand  is 
35%  by  weight  of  the  total  aggre- 
gate, with  varying  percentages  of 
intermediate  and  coarse  materials. 

Using  12%  cement,  with  sand 
having  3.3%  passing  the  100-mesh 
sieve,  watertight  concrete  could  be 
made  with  sand  varying  from  23  % 
to  43%  of  total  aggregate  and  with 
intermediate  and  coarse,  in  equal 
proportions  varying  from  77%  to 
57%  respectively,  or,  if  coarse  were 
absent,  with  sand  at  35%  and  in- 
termediate at  65%.  Fairly  good  re- 
sults were  obtained  with  12%  ce- 
ment, even  with  49%  sand  and  51  % 
intermediate,  but  this  concrete  slow- 
ly     absorbed      considerable      water. 
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.showing  a  fairly  large  percentage  of 
very  small  voids. 

In  order  to  be  on  the  side  of 
safety,  in  starting  a  new  plant,  the 
minimum  quantity  of  cement  that 
has  been  used  when  aggregate  con- 
taining 35%  sand  has  been  shipped 
out,  has  been  12%,  corresponding  to 
about  1.27  bbls.  (Canadian)  to  the 
cu.  yd.  The  first  cut  in  the  gravel 
pit,  arranged  for  a  convenient  lay- 
out for  operating  conditions,  has 
taken  the  excavating  machines  into 
a  part  of  the  deposits  running  high 
in  sand,  and  in  order  to  keep  the 
total  sand  in  the  finished  aggregate 
down  to  35  %  required  a  considerable 
wastage  of  sand  after  screening, 
which  cuts  down  the  net  output  and 
increases  the  amount  of  material  to 
be  handled.  As  the  demands  of 
the  contractors  have  taxed  the  plant 
heavily,  due  to  a  number  of  causes, 
among  which  were  delays  due  to 
breaks  in  machinery,  lack  of  storage 
for  the  mixed  aggregate,  shortage 
of  cars  at  times  when  the  haul  was 
long,  or  when  large  amounts  of 
foundation  fill  materials  were  being 
shipped,  it  was  found  necessary,  at 
times,  to  ship  out  material  contain- 
ing 50%  sand,  and  in  some  cases, 
pit-run  material.  In  such  cases  the 
cement  has  been  increased  to  about 
15%  or  1.7  bbls.  (Canadian)  per 
cu.  yd.  This  policy  is  very  expen- 
sive, however,  as  it  increases  the 
cost  of  concrete  to  the  District  by 
about  $1.00  per  cu.  yd.  net,  over  the 
cost  of  concrete  made  with  an  aggre- 
gate containing  35%  of  sand.  As 
the  estimated  volume  of  concrete  in 
the  whole  aqueduct  is  about  330,000 
eu.  yds.,  the  District  is,  this  winter, 
planning  to  open  another  pit,  equip- 
ped somewhat  differently,  near  the 
eastern  end  of  the  line,  to  relieve  the 
pressure  on  the  existing  plant  both 
by  furnishing  more  aggregate  and 
by  shortening  the  haul,  thus  getting 
better  efficiency  out  of  the  transpor- 
tation equipment. 

The  mixed  sand  and  gravel  is 
loaded  into  20-yd.  air-dump  cars  at 
the  screening  plant,  hauled  to  the 
contractor's  platforms  and  dumped. 
The  cars  are  loaded,  as  nearly  as 
possible  to  a  loose  measurement  of 
23  cu.  yds.,  then  scaled,  and  billed 
out  to  the  nearest  even  yd.  below 
the  scaling.  Of  110  cars  loaded  and 
billed  out,  in  one  test,  15  contained 
by  scaling  22  cu.  yds.,  75  contained 
23  cu.  yds.,  1.Q  contained  24  cu.  yds. 
and  one  contained  25  cu.  yds.  The 
total  measured  yardage  in  the  cars 
was  2583.1  cu.  yds.,  and  the  total 
billing  was  2536  cu,  yds.,  a  differ- 
ence of  47.1  cu.  yds.  or  1.85%  more 
material  shipped  than  billed  for.  due 
to  taking  the  nearest  even  yd.  below 
[235\ 
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the  scaling;  or,  roughly,  the  deliver- 
ies averaged  nearly  l/^  yd.  per  car 
in  excess  of  the  billing.  A  further 
excess  of  deliveries  over  billing,  in 
cars  leveled  off  for  measurement, 
also  arises  from  the  mechanical  ef- 
fect of  the  consolidation  of  the  ma- 
terial in  the  cars  of  measured  ag- 
gregate by  the  men  when  leveling 
off  the  cars.  For  example  17  cars 
were  measured  at  the  plant,  then 
leveled  off  and  trimmed.  Before 
leveling,  the  measured  contents  was 
392  cu.  yds.  and  after  leveling  off 
380.6  cu.  yds.,  a  difference  of  11.4 
cu.  yds.,  or  3%  shrinkage  due  to 
consolidation  by  the  men's  feet. 

The  relative  weights  of  the  aggre- 
gate per  cu.  ft.  under  different  con- 
ditions as  to  moisture  and  compact- 
ing are  shown  in  the  following  table, 
the  sand  in  the  moist  aggregate  be- 
ing about  37%    hy  weight. 

Weight  per  cu.  ft.  loose  and  moist.. lu  lbs. 
Weight  per  cu.  ft.  shaken  and 

moist    122     lbs. 

Weight  per  cu.  ft.  tamped  and 

moist    132.5  lbs. 

Weight  per  cu.  ft.  loose  and  dry 125.0  lbs. 

from  which  it  will  be  seen  that  the 
percentage  shrinkage  from  the  loose 
and  moist  condition  to  loose  and  dry 
was  9.65%  and  to  shaken  and  moist 
7%  and  to  tamped  and  moist 
15.8%. 

The  shrinkage  in  volume  during 
transportation  from  the  pit  at  mi. 
30.8  to  different  points  along  the 
line  is  shown  in  Table  1. 

In  order  to  determine  the  ratio 
of  aggregate  billed  out  from  the 
plant  to  the  yardage  of  concrete  put 
in  place,  measurements  of  both  ag- 
gregate yardage  and  yardage  of 
concrete  laid  were  kept  by  all  the 
division  engineers  for  a  week.  Ow- 
ing to  inaccuracies  in  trimming  the 
bottoms  of  trenches  and  to  the  small 
excess  quantities  of  concrete  in  the 
arch  sections,  due  to  hand  finishing 
the  tops  a  little  higher  than  the  the- 
oretical lines,  the  payment  concrete 
averages  less  than  the  actual  quan- 


tities    placed.       These     ratios     are 
shown  to  be  about  as  follows: 

Total  cu.  yds.  of  aggregate 
billed     =  3,633.2 

Total  cu.  jds.  of  concrete 
laid     =3,422.7 

Excess  of  aggregate  over 

total    concrete    210.5=    6% 

Total  cu.  yds.  of  aggregate 

billed     =8,633.2 

Total  cu.  yds.  of  pajment 

concrete    =  8,310.7 

Excess  of  aggregate  over 

payment  concrete  322.5  =  10% 

Yardage  of  total  concrete.  =  3,422.7 

Yardage  of  payment  con- 
crete     =  8,810.7 

Yardage  of  excess  concrete  =    112.0  —  3.4% 

COSTS    OF    PREPARING    AGGREGATE 

The  average  cost  per  cu.  yd.  of 
the  aggregate,  for  preparation  ex- 
clusive of  overhead  charges,  and 
transportation  to  the  contractor's 
platforms  has  been  as  follows: 

Excavation    $0,118 

Hauling   to   plant 031 

Screening  and  crushing 139 

Loading    061 

Repairs   to   plant 019 

Repairs  to  cars,  crane  and  dinkey Oil 

Office    005 

Fuel   123 

Total    $0,507 

It  is  expected  that  this  cost  will 
be  materiallv  reduced  in  the  coming 
season. 


To     Increase     the     Products 
Manufacturer's   Sales 

A  small  manufacturer  of  concrete 
products  may  be  greatly  handicapped 
in  advertising  his  work  by  the  ex- 
pense necessary  in  getting  out  ad- 
vertising literature  which  is  suffi- 
ciently attractive  to  do  justice  to  the 
products  the  use  of  which  the  litera- 
ture is  intended  to  promote.  Manu- 
facturers using  Ideal  equipment^  will 
be  interested  in  the  fact  that  the 
Ideal  company  has  issued  a  very  at- 
tractive little  booklet  entitled  "Ideal 
Ideas,"  showing  examples  of  work 
with  Ideal  machine  products  in  vari- 
ous localities,    and    printed    in  two 

'Ideal  Concrete  Machy.  Co.,  Cincinnati 


Table  1 


Shrinkage  in  yardage  of  agj 
along  the  aqueduct  line. 

(Aggregate  50%  sand;  4  cu. 
per  cu.  yd.  of  concrete.) 


Date 

Aug.  28 
Aug.  26 
Aug.  27 
Aug.  27 
Aug.  27 
Aug.  27 
Aug.  27 
Aug.  27 


Mile  at  Cu.  Yds. 
Which  Sand  Billed 
Was  Delivered 


Tegate  during  shipment  from  mile  30.8  to   different  points 

ft.  cement  to  16  cu.  ft.  aggregate  =  about  1.7  bbls.  cement 

Ratio  of 
Ratio  of         Cu.  Yds. 
Cu.  Yds.    Cu.  Yds.  at       Cu.  Yds.      Billed  to  Measured  to  Cu. 
Measijred    Plant  After  as  Measured    Cu.  Yds.     Yds.  Delivered 


at  Pit  After  Leveling     at  Point      Measured 
and  Trimming  of  Delivery  at  Delivery 


23.6 
46.6 

46.2 


45.4 
45.4 
45.8 


22.2 
44.2 
46.2 
67.8 
68.1 
44.3 
44.8 
45.0 


43.3 
42.2 
66.6 
64.1 
41.5 
40.8 
42.4 


1.055 
1.060 
1.090 
1.045 
1.075 
1.085 
1.100 
'1.085 


and  Meas- 
ured There 
1.08 
1.08 
1.09 
1.055 
1.06 
1.095 
1.110 
1.08 


'Car  leveled  up  for  measurement  at  plant  and  settled  in  process  of  leveling 
•Side  doors  of  car  raised  in  transit  about  2"  and  some  material  leaked  out 


colors.  These  booklets  are  available 
for  manufacturers  using  Ideal  equip- 
ment and  can  be  purchased  at  very 
low  cost,  due  to  the  fact  that  they 
have  been  issued  in  very  large  num- 
bers. They  can  then  be  printed  with 
the  name  of  the  local  manufacturer. 


The  Ransome  Concrete  Machy. 
Co.,  established  in  1892,  has  just 
been  reorganized.  E.  L.  Ransome, 
founder  of  tlie  company,  is  gener- 
ally regarded  as  the  father  of  the 
concrete  machinery  business  and  he 
remains  with  the  new  company  as- 
Chairman  of  the  Board  of  Direc- 
tors, and  Consulting  Engineer.  The 
new  men  in  the  company  are:  Frank 
L.  Brown,  Pres.  and  Mgr. ;  G.  F. 
Steele,  Howard  K.  Brooks,  F.  M. 
Smith,  H.  M.  Brittan,  Directors;  A.^ 
J.  Norton,  Sec. ;  J.  J.  Givens,  Treas. 
Offices  of  the  company  are  at  115 
Broadway,  N.  Y.  C. 


T.  W.  Levalley,  who  has  beett 
Pres.  and  Gen.  Mgr.  of  the  Chaia 
Belt  Co.  since  he  became  its  founder 
in  1891,  has  resigned  the  presidency 
and  been  made  Chairman  of  the- 
Board  of  Directors.  He  is  succeed- 
ed as  president  by  W.  C.  Frye. 


The  amount  of  heat  generated  de- 
pends upon  the  size  or  mass,  the  kind' 
of  cement  used,  the  consistency  of 
the  mixture,  also  the  richness  of  the 
concrete.  For  a  1 :2 :4'  mixture,  in 
mass  12"  thick  or  more  and  of  med- 
ium consistency,  placed  at  70°  F. 
would  develop  in  24  hrs.  to  S6  hrs.*^ 
time  a  temperature  of  perhaps  120" 
F.  to  150°  F.  I  consider  it  not  safe 
to  count  on  this  temperature  to  resist 
freezing.  It  is  certainly  not  safe 
to  consider  this  internal  heat  in  build- 
ing construction. — Warren  A.  Hoyt.. 


The  E.  I.  du  Pont  de  Nemours  & 
Co.,  Wilmington,  Del.,  has  just 
printed  a  Clay  Blasiing  Booklet.  A» 
it  is  the  first  booklet  ever  issued  on 
this  subject  it  contains  valuable  and 
interesting  information.  Some  of  the 
subject  covered  are  Digging  Clay, 
Stripping,  Blasting  Down  Shale, 
Digging  Plastic  Clays,  Mining  Flint 
Clays,  Draining  Clay  Pits,  as  well 
as  full  information  on  the  use  of  ex- 
plosives. The  book  will  be  sent  to 
any  address  upon  request. 


In  feeding  a  continuous  mixer  by 
shovel,  see  that  all  of  the  material  is- 
fed  at  the  loading  end.  It  is  not 
uncommon  to  see  at  least  one  of  the 
shovel  men  feeding  his  material  at 
the  dumping  end. 
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New  Equipment,    Methods  and  Materials  : 

New  Tools  with  Wliich  the  In(kistry  Works 


Metal  Moldikos  for  Sanitary  Tni5i 

Sanitary  Trim  Easily  Secured 
with  New  Materials 

The  increasing  demand   for  sani- 
.  tary    buildings    and    fireproof    con- 
struction has  brought  out  many  spe- 
cialties little  dreamed  of  a  short  time 
ago. 

A  series  of  products^  recently 
placed  on  tlie  market  are  cold  drawn 
from  heavy  steel.  They  are  design- 
ed to  replace  wood  to  secure  an  ef- 
fective trim  at  a  small  expense.  A 
study  of  the  illustrations  will  make 
the  methods  of  application  clear. 

Fig.  1  shows  the  application  of 
the  trim  to  a  window  frame  and 
Fig.  2  to  a  typical  inside  partition, 
while  Fig.  4  is  a  detailed  section  of 
the  metal.  It  will  be  noted  that  the 
return  of  the  bead  forms  a  secure 
lock  in  the  plaster. 

Fig.  3  shows  the  same  idea  ap- 
plied to  a  sanitary  base.  This  trim 
forms  a  base  and  also  acts  as  a  plas- 
ter ground,  assuring  a  perfect  joint. 
Another  specialty  not  illustrated  is  a 
new  type  of  corner  bead  which  seems 
to  present  certain  advantages.  It  is 
stated  that  the  use  of  this  metal  trim 
is  verv  economical  and  that  it  is  be- 
ing extensively  used  in  schools,  hos- 
pitals and  industrial  buildings  of 
fireproof  construction.  It  would  also 
seem  to  have  a  considerable  field  in 
modern  residence  work. 


The  commercial  develop- 
ment of  machines,  tools  and 
materials,  and  the  new  methods 
lohich  their  use  involves  have  a 
most  important  part  in  the  pro- 
gress of  the  concrete  -field.  An- 
nouncements of  such  develop- 
ments, particularly  in  reference 
to  their  demonstrated  import- 
ance in  actiial  practice,  are 
welcome.  The  Editors  will 
select  for  publication  that  ma- 
terial which  conveys  the  infor- 
mation of  most  practical  value 
to  the  Reader,  ^dthout  regard 
to  other  considerations. 


•Carter  Sheet  Metal  Works,  Omaha,  Nebr. 
May,  1916 


Small  Paving  Mixer 

The  new  Lansing  paver^  is  de- 
signed for  the  man  who  occasionally 
puts  in  a  few  block  of  street  or  con- 
crete alley  paving.  It  is  light  and 
so  compact  it  can  actually  be  oper- 
ated in  a  6-ft.  alley.  The  drum 
easily  holds,  and  mixes  without  slop- 
ping', 1  sack  of  cement,  3  parts  sand 
and  5  parts  stone;  in  other  words, 
a  1 :3 :5  mix.  It  propels  itself  for- 
ward or  back  at  a  speed  of  11/2  mi. 
per  hr.  The  power  is  supplied  by 
a  6-h.  p.  Novo-  or  an  IdeaP  engine; 
these  are  regularly  used,  although 
steam  power  is  furnished  to  all  who 
prefer  it.  The  mixer  discharges  into 
a  sectional  swinging  chute  and  the 
concrete  is  run  directly  into  place 
without  further  handling  other  than 
spreading. 

Levers  have  been  grouped  so  that 
one  man  attends  to  loading,  dis- 
charging and  spouting. 

iThe  Lansing  Co.,  Lansing,  Mich. 
=Novo  Engine  Co.,  Lansing,  Mich. 
=Ideal  Engine  Co.,  Lansing,  Mich. 


Mac  Arthur  System  of 
IVet-Made  Block 

The  MacArthur  system^  for  mak- 
ing   block    involves    a    set    of    gang 
molds    made    of     18-ga.    galvanized 
steel    which    may    rest    either    on    a 
plank  platform  or  on  a  car.     These 
molds   make   block   which   are   of   I- 
section,  as  cast,  but  when  set  in  the 
wall   are  turned   over  so  that  the   I 
is  horizontal.    These  block  are  made 
face   up.      The   chief   advantage   of 
the  system  is  that  a  mixture  of  con- 
crete approaching  the  ideal  in  con- 
sistency can  be  used — a  sticky,  plas- 
tic mixture,  and  not  a  dry-tamp  mix- 
ture,   nor    a    slushy    mixture.      One 
user  of  this  equipment  describes  how 
manufacturing    operations    are    con- 
ducted.    Molds  or  forms  are  set  in 
rows    on    2-in.    x    lO-in.    plank    14.' 
long,    after    the    molds    have    been 
dipped  into  paraffin  oil  to  keep  the 
concrete    from    sticking.      The    mix- 
ture of  concrete  used  for  the  body 
of   the   block   is    1:4.      The   mold   is 
filled  to  within  l/i"  of  the  top.    This 
is  allowed  to  stand  for  from  Vo  hr. 
to  ^4  hr. ;   in  this  time  the  mix  has 
settled  slightly,  leaving  a  space  of 
about  1/2"  depth  in  which  to  apply 
a  facing  mixture.     This  may  be  of 
whatever    character    is    required    by 
the  nature  of  the  work.     Any  kind 


Below  is  Shown  a  Gang  Mold  Set  Up 
To  Receive  the  Concrete  Mixture; 
Above  is  Shown  a  Part  of  a  Separate 
Mold  Filled 


•MacArthur  Cement  Products  Co. 
Ion,   la. 


Burling. 
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of  special  aggregates  may  be  used 
aijd  a  coarse,  rough  texture  which 
is  to  be  brushed  out  or  washed  later 
on  can  be  employed.  There  is  no 
danger  with  the  face-up  method  of 
molding  that  the  coarse  aggregates 
will  drop  out  of  the  facing.  They 
can  be  firmly  pressed  into  the  back- 
ing and  applied  in  such  a  way  as 
to  give  excellent  results.  This  sys- 
tem of  molding  block  should  lend 
itself  very  readily  to  the  use  of 
brushed  out  facing  effects  where  the 
block  is  allowed  to  set  for  various 
lengths  of  time,  depending  upon  the 
weather  and  other  curing  conditions 
and  then  brushing  the  face  with  a 
stiff  bristle  brush  to  remove  the 
mortar  from  the  face  of  the  selected 
aggregates. 

The  face  design  shown  in  the  il- 
lustration cannot  be  strongly  recom- 
mended from  an  aesthetic  standpoint 
but  the  consistency  of  the  concrete 
is  very  well  shown,  indicating  that 
a  plastic,  sticky  mixture  can  be  used. 

Haggard  Bros.,  concrete  products 
manufacturers  at  Browning,  !Mo., 
say  that  they  have  no  difficulty  in 
getting  3  cts.  each  more  for  these 
block  made  with  a  wet  mixture  of 
concrete  than  for  ordinarj^  dry-tamp 
block. 


The    Illustration-    Shows    About    Half 
OF  A  Typical   Sill;  the   Drip   Slightly 

EXAGCER.VTED    IN    THE    DRAWING  IS   ShoWN 

AT  A.     Special  Note   is   Made   of  the 
Water  Lock  Shoulder 

Special  Wincloxo  Sill  31  olds 

A  good  business  has  been  built  up 
in  N.  Y.  C.  in  manufacturing  a  spe- 
cial patent  type  of  sill.  This  is  be- 
ing done  by  the  Portcement  Stone 
Co.,'^  the  originator  of  the  special 
molds  in  which  the  sills  are  made. 
Having  established  a  business  in  the 
manufacture  of  the  product  itself  in 
these  molds,  and  having  had  the  sills 
adopted  by  reputable  architects  for 
good  building  construction,  the 
molds  arc  now  being  put  on  the  mar- 
ket. But  two  molds  are  required  for 
a  wide  range  of  work,  each  having 
a  large  cast  iron  base.  Qne  is  equip- 
ped to  make  sills  from  1'  to  6'  in 
length,  6"  to  12"  in  width,  and 
either  4"  or  5"  thick.  The  other 
machine   makes    any   length   of   sill 

^Brooklyn,   X.   Y. 
[g38] 


from  1'  to  4'  4"  and  of  the  same 
widths  and  thicknesses  as  produced 
by  the  larger  machine.  Molds  turn 
out  a  sill  which  has  a  wash,  drip  and 
a  water  lock  shoulder,  which  is  the 
principal  feature  of  the  sill.  In 
spite  of  these  features,  which  are 
demanded  in  sills,  it  has  been  pos- 
sible for  the  manufacturers  to  sell 
the  sills  at  20  cts.  per  ft.  for  the 
4-in.  thick  sills  and  25  cts.  per  ft. 
for  the  5-in.  thick  sills.  Marble 
sills,  according  to  the  manufacturers 
in  Brooklyn,  cost  25  cts.  to  28  cts. 
per  ft.  for  a  4-in.  thick  sill  only  4" 
wide,  and  30  cts.  to  35  cts.  for  the 
5-in.  thick  sill.  To  make  the  sill  out- 
lined in  the  accompanying  illustra- 
tion, the  molds  have  separate  plates, 
gate  ends,  adjustable  ends,  etc.,  for 
different  widths,  with  special  pro- 
vision to  take  care  of  the  rabbets  in 
the  mold  which  form  the  water  lock 
shoulder.  The  sill  is  made  on  a  pal- 
let. It  is  then  turned  over  and  car- 
ried away,  when  the  machine  is 
readv  for  the  next  sill. 


Paving  Mixer  of  10  cu.  ft.; 
Unmixed  Material 

The  Wonder  paver,'^  with  a  drum 
capacity  of  10  cu.  ft.  of  unmixed 
material  per  batch,  weighs  7,500  lbs. 
The  mixer  utilizes  tire  tilting  drum 
principle  and  combines  traction  and 
paver  features  which  recommend  it 
for  getting  about  on  the  small  job, 
or  for  use  possibly  in  pairs  on  big- 
ger work.  The  availability  of  the 
machine  is  not  confined  entirely  to 
paving  work.  It  is  equipped  with  an 
S-h.  p.  vertical  gasoline  engine  and 
the  manufacturers  say  that  it  will 
climb  a  20 ^c    grade,  where  there   is 


a  fair  footing.  The  feature  of  fast 
mixing  is  not  so  strongly  urged  by 
manufacturers  as  it  used  to  be,  since 
it  has  been  pretty  well  established 
that  fast  mixing  is  not  good  prac- 
tice, but  rapid  loading  and  swift  dis- 
charge and  the  possibility  of  quick 
removal  from  place  to  place  are 
features  which  appeal  to  contractors. 
The  mixer  is  equipped  with  distrib- 
uting chute  12'  long  and  can  be 
made  to  discharge  at  6'.   9'  or   12'^ 


^t  ree  t-5ur/a 


The  Woxdee  Paver 


^Waterloo    Cement    Machinery    Corporation, 
Waterloo,  la. 


Typical  Section  of  Sewer 

yetso    Combined    Sexcer    and 
Snow  Disposal  System 

A  newly  patented  sewer,^  made 
possible  by  reinforced  concrete  con- 
struction, includes  as  one  of  its  fea- 
tures rapid  snow  disposal  at  trifling 
cost.  The  snow  is  swept  into  the 
sewer  and  hauling  is  avoided.  It  is- 
possible  to  convert  this  sewer  from 
a  combined  sj'stem  to  a  separate  sys- 
tem or  vice  versa  without  involving- 
any  cost  or  reconstruction. 

The  sewer  consists  of  a  longitudi- 
nal channel  extending  to  the  under 
side  of  movable  street  surface  cov- 
ers to  permit  of  the  insertion  of 
snow.  In  the  lower  portion  of  this- 
channel,  which  takes  snow  and  storm- 
water,  means  are  provided  for  the 
sanitary  flow  without  danger  of  the 
solid  matter  swept  with  the  snow 
from  coming  into  contact  with  the 
flow  and  backing  it  tip.  Provision 
is  also  made  for  combining  the  two- 
flows.  Used  in  connection  with  in- 
verted roadway  crowns,  catch-basins 
are  unnecessary.  Sub-structures  are 
not  interfered  with  and  can  be  ar- 
ranged to  avoid  tearing  up  and  gen- 
eral disturbance. 

It  is  claimed  that  the  saving  on 
snow  disposal  soon  pays  the  entire 
construction  cost. 


>L.  Davidson,  N.  Y.  C. 


May.  1916: 


CONCRETE 


provide     a     coiiUnuous     rtint'orcing, 
both  horizontally  and  vcrticall.v. 

Fig.  2  illustrates  the  machine  on 
which  these  blocks  arc  made.  It  will 
be  seen  that  a  frame  is  provided 
with  the  machine  which  holds  the 
vertical  rod  in  place  as  the  block  is 
being  formed.  The  machine  is  of 
the  stripper  type,  the  block  being 
forced  up  through  the  mold  and  at 
the  same  time  being  given  a  trowel- 
ing action  that  results  in  an  excep- 
tionally dense  surface. 


The  Kei.i.y  CovcnF.TE  Mixcn 

A  Reliable  Lotv  Cost  MLver 

A  mixer  recently  placed  on  the 
market  after  long-time  practical 
tests  is  shown  by  the  illustration.'- 
The  capacity  of  this  mixer  is  6  cu. 
ft.  of  loose  material.  The  heavy 
steel  drum  is  chain  driven  by  a 
3-h.  p.  gasoline  engine  which  is 
equipped  with  a  magneto.  The  mix- 
er is  furnished  in  a  number  of  com- 
binations equipped  with  a  batch  hop- 
per, power  loader,  automatic  water 
tank  and  hoist  as  desired.  The  hoist 
has  a  capacity  of  27r/  of  V^^-'m-  wire 
rope. 


Efficient  Reinforcing  is  a  Fea- 
ture of  a  Neiv  Block  for  Silo 
Construction 


mixer  by  cutting  out  a  portion  of 
the  steel  rims  to  which  the  solid 
tires  are  attached  and  having  the 
rims  curved  to  the  new  arc.  They 
were  then  bolted  to  the  mixer  wheels 
through  holes  drilled  for  the  pur- 
pose and  the  tires  vulcanized.  It  is 
found  that  this  allows  much  more 
freedom  in  hauling  the  concrete 
mixer. 


Fig.  1— Section  of  Silo  Block  Wall, 
Showing  Arrangemext  of  Reinforce- 
ment 

A  new  type  of  silo  block  has  re- 
cently  been    placed   on   the    market- 
after  a  trial  of  several  years  in  prac- 
tical local  use.    The  use  of  this  block 
builds  a  silo  with  comparatively  thin 
walls  but  without  exposed  reinforc- 
ing and  one  so  bonded  as  to  form  an 
almost    monolithic    construction.      It 
will    be    seen    from    the    illustration. 
Fig.    1,  that  the   block  has  a  longi- 
tudinal rod  with  the  ends  bent  over 
at    right    angles.       It    will    also    be 
seen  that   a  vertical  rod  is  molded 
into  the  block  and  projects   in  such 
a  -way   as   to   come   in  the   joints   of 
the   course    next    above.      The   abut- 
ting ends  of  the  block  are  provided 
with    a    large    semi-circular    groove 
which  takes  care  of  the  reinforcing 
and    provides    a    liberal    cavity    for 
grout.      The   interlocking  of  the  re- 
inforcing   and    subsequent    grouting 

'F.  H.  Clarke  Mffr.  Co..  Cleveland 
'Geo.  C.  Harvey,  Geneva,  Ohio 

May,  1916 


Tamper  for  Attachment  to 
Block  Machines 

The  accompany- 
i  n  g  illustration 
shows  the  Baute*^ 
tamper,  which  is 
adjustable  to  any 
of  the  tamp  block 
machines.  It  is 
operated  by  pull- 
ing down  the  hori- 
zontal bar  shown 
across  the  top  in 
the  illustration.  It 
is  recommended  by 
the  manufacturer 
on  the  basis  of  be- 
ing much  more 
even  and  system- 
atic in  its  tamping 

and    also    for    the    I^---   '^^'r^^^^^ 
()\T.R  Ideal-  olock 


Machine 


fact  that  it  will 
make  possible  the 
production  of  50%  more  block  than 
can  be  done  with  the  use  of  a  hand 
tamper.  The  machine  can  be  ad- 
justed for  making  1/4,  V2  and  % 
block. 


Pic.  2 — Machine  for  Silo  Block  Man- 
ufacture 


Old  Rubber  Tires  Smooth 
Road  for  Mixer 

The  contractor  who  uses  a  motor 
truck  for  hauling  equipment  has 
often  found  that  it  is  impossible  to 
haul  his  mixers  at  even  a  slow  truck 
speed  without  shaking  them  badly. 
The  Baumgardner  Concrete  Prod- 
ucts Co.i  has  solved  the  problem  by 
using  an  old  set  of  motor  truck  solid 
tires.      These   were   attached   to   the 


New  Edger  Insures  Straight 
Lines 

A  new  tool  for  finishing  the 
edges  of  concrete  work  which  pre- 
vents uneven  lines  has  recently  been 
perfected.^ 

As  will  be  seen  by  the  illustration 
the  tool  resembles  an  ordinary  edger 
with  two  projecting  lips.  These 
ride  on  the  edge  of  the  form,  keep- 
ing the  work  perfectly  true,  pro- 
vided the  form  is  straight. 


Concrete  Mixer  with  Rubber  Tires 
FROM  Motor  Truck 


iBaute  Concrete  Machy.   Co.,   Benton   Har- 
bor, Mich. 
^Ideal  Concrete  Machy.  Co.,  Cincinnati 
"H.  L.  Park  Co.,  Reading,  Mass. 
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Section  of  Interlocking  Slate 


EDWARDS 

ROLLING 
DOORS  and 
SHUTTERS 


LARGE  AND  SMALL 

SINGLE  AND  IN  GROUPS 

BLACK    AND    GALVANIZED 

CORRUGATED  AND  INTERLOCKING 

ALL  GAUGES  AND  ANY  KIND  OF  GEAR 

Send  Specifications  for  Estimates 

The  Edwards  Manufacturing  Co. 

LESTER  G.  WILSON,  Com.  Engr. 

404-444    Eggleston    Ave. 
CINCINNATI,  OHIO 

The  World's  Largest  Maoufacturers  of 
Metal  Roofing,  Metal  Shingles,  Metal  Ceil- 
ings, Portable  Steel  Buildings,  Cellular 
Metal  and  Keyridge  Fireprooting  Material. 


NEW  YORK 
81-83  Fulton  St. 


DALLAS.  TEXAS 
1635-39  P.cilic  A»e. 


prrrsBURCH.  pa. 

Olircr  Bldg. 


SAN  FRANCISCO,  CAL. 
3IS-l9M<inadnockBldK. 


Section  of  Corrugated  Sheet 


You  never  before  had  such  a 
chance  to  get  into  the  Burial 
Vault  Business  and  make  money 

I  make  these  vaults  myself  and  make  money  at  it.  They 
sell  fast — outstrip  competition.  I'll  make  you  a  liberal 
proposition  in  your  own  town. 

HESS  BURIAL  VAULT 

Let  me  show  you  how  it 
is  made,  why  it  excells.  how 
you  can  make  money  with 
it.  Write  today  ^  at  my 
terms    you    can't    afford   to 

GUST.    HESS 

Monroeville,  Ohio 


Here's   a   Low=Cost   Hoist 
for  Small  Contractors 


ige    contractor. 
2'A   H.  P.  or 
lift  500  lbs.  or  1,000 
lbs.  100  ft.  per 


MFG.    CO. 

Milwaukee, Wis. 


Current  Prices  —  Con- 
crete Materials  □ 

Portland  Cement — Prices  on  cement 
are  in  general  about  the  same  as  quoted 
for  last  month.  Prices  given  are 
f.  o.  b.  cars  at  points  named,  including 
cloth  sacks,  for  which,  in  general,  40  cts. 
per  bbl.  (4  sacks)  is  refunded  on  return 
in  good  condition.  Pacific  Coast  cement 
manufacturers  now  allow  only  7%  cts. 
each  for  bags  returned  instead  of  10  cts. 
as  previously  done.  This  is  equivalent  to 
a  raise  of  10  cts.  per  bbl.  in  price. 
Prices  per  bbl.  (including  four  cloth 
sacks)  are  as  follows:  Boston,  $1.99; 
New  York,  $1.73;  Chicago,  $1.86;  Pitts- 
burgh, $1.81;  Cleveland,  $1.34  to  .$1.94; 
Cincinnati,  $1.84;  Detroit,  $1.90;  Indian- 
apolis, $1.99;  Toledo,  $1.94;  Milwaukee, 
$1.83  to  $1.98;  Minneapolis  and  St.  Paul, 
$1.08  to  $2.13;  Duluth,  $3.06;  Peoria, 
$1.94;  Cedar  Rapids,  $1.90  to  $2.05; 
Davenport,  $1.80  to  $1.95;  Denver,  $1.87; 
Toronto,  $1.75;  Montreal,  $2.00;  Winni- 
peg, $9.60;  Vancouver,  $2.75;  Spokane, 
$2.35;  Seattle,  $2.30;  Portland,  Ore., 
$2.40;  Tacoma,  $2.30;  San  Francisco, 
$2.15;  Kansas  City,  $1.82;  Omaha,  $1.98; 
Oklahoma  City,  $2.09. 

Crushed  Stone — 1%-in.  stone,  prices  per 
cu.  yd.,  f.o.b.  cars  in  carload  lots,  unless 
otherwise  specified.  New  York,  85  cts., 
in  full  cargo  lots  at  the  docks;  Chicago, 
$1.00;  Winnipeg,  $2.50;  Vancouver, 
$1.50;  Spokane,  $1.00;  Portland,  Ore., 
$1.15;  Seattle,  $1.50;  San  Francisco, 
$1.25. 

Oravel — Prices  given  are  per  cu.  yd. 
f.o.b.  cars  in  carload  lots  unless  other- 
wise noted.     New  York,  80  cts.  in  fidl 


cargo  lots  at  docks,  Chicago,  $1.00; 
Winnipeg,  $1.85;  Vancouver,  $1.50;  Spo- 
kane, $1.00;  Portland,  Ore.,  85  cts.; 
Seattle,  75  cts.;  Tacoma,  75  cts,;  San 
Francisco,  90  cts. 

Sand — Prices  are  per  cu.  yd.  f.  o.  b. 
cars  in  carload  lots  unless  othenvise  in- 
dicated. New  York,  40  cts.,  full  cargo 
at  docks;  Chicago,  $1.00;  Winnipeg, 
$1.85;  Vanouver,  $1.25;  Spokane,  $1.00; 
Seattle,  75  cts.;  Portland,  Ore.,  85  cts.; 
Tacoma,   75  cts.;   San  Francisco,  80  cts. 

Reinforcing  Bars  —  The  prices  here 
here  given  are  only  approximate  since 
they  fluctuate  greatly  and  few  mills  are 
taking  business  even  at  the  figures  given. 
At  the  present  time  practically  all  busi- 
ness Ss  being  taken  on  a  basis  of  $3.00 
per  cwt.,  Pittsburgh,  with  prevailing 
extras  for  bars  under  %"  or  base,  and 
for  delivery  in  second  quarter,  except 
in  special  cases,  where  a  premium  is  paid. 
The  following  are  quotations  on  base  bars 
per  100  lbs.,  for  mill  shipments  from 
other  points,  f.  o.  b.  cars:  New  York, 
$3,159;  Philadelphia,  $3,159;  Chicago, 
$3,189;  Spokane.  $3.05;  Portland,  Ore., 
$3.70;  Seattle,  $2.70;  Tacoma,  $2.70. 

Shipments  from  stock  are  being  made 
at  the  following  prices  per  cwt.  f.  o.  b. 
New  York,  $3.10;  Buffalo,  $2.95;  Cincin- 
nati, $3.20  to  $3.75;  Cleveland,  $3.25; 
St.  Louis,  $3.15;  Chicago,  $3.10;  St.  Paul, 
$3.20;  Toronto,  .$3.00;  Vancouver,  .$3.00; 
Spokane.  .$3.90;  Portland.  Ore.,  $3.60; 
Tacoma,  $3.60;  Seattle,  $3.60. 

Metal  Clips  for  Supporting  Bars — 
$t.SO  to  $6.50  per  1,000,  depending  on 
size. 

For  the  majority  of  the  prices  given 
we  are  indebted  to  the  Universal  Port- 
land Cement  Co.,  Sandusky  Portland  Ce- 
ment  Co.,  Concrete    Steel    Co.,    Dewey 


Portland  Concrete  Co.,  American  Sand  & 
Gravel  Co.,  Chicago,  and  F.  T  Crowe  & 
Co.,  Seattle,  Portland,  Spokane  and  Ta- 
coma. 

Reinforcing  bars  for  mill  shipments  are 
in  general  sold  on  a  Pittsburgh  basis: 
that  is,  at  the  Pittsburgh  quotation  plu« 
the  freight  to  the  point  in  question,  and 
with  the  following  list  of  freight  rate* 
on  finished  material  and  the  Pittsburgh 
quotation  given,  the  price  of  bars  at  any 
of  the  points  listed  can  be  readily  com- 
puted. 

From  Pittsburgh,  carloads,  per  100  Iba. 
to: 

Albany  16.9  ct«. 

New   York    16.9    « 

Philadelphia     15.9     " 

Baltimore    15.4    " 

Boston    19.9    " 

Buffalo   11.6.     " 

Cleveland    10.5    " 

Birminghom    4S       " 

Cincinnati    15.9     " 

Chicago    19.9     " 

Denver   69.6    " 

St.    Louis    23.6    " 

New    Orleans     30       " 

Minneapolis     32.9     " 

Indianapolis    17.9     " 

Kansas   City    43.6    " 

Omaha    43.6     " 

Pacific  Coast  Points  (Rail) 73.9    " 

Now  that  the  Panama  Canal  has  been 
opened  to  traffic  ocean  freight  rates  on 
reinforcing  bars  to  Pacific  Coast  points 
have  been  established  which  materially 
lower  the  delivered  cost  of  bars  from  the 
east.  The  rates  per  100  lbs.  to  Pacific 
Coast  points  for  large  lots  are.  From 
Pittsburgh,  61.9  cts.;  Chicago,  76.5  cts.; 
Youngstown,  61.9  cts.;  New  York,  40 
cts.;  Bethlehem,  52.9  cts. 
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The  Giowinof  Scarcity  of  Labor 
Threatens  Construction  Work 

THE  unprecedented  industrial  conditions  in 
this  country  have  had  a  decided  effect  on  the 
labor  market.  This  is  evident  even  though  the 
season  is  not  at  the  height  of  activity  and  farm 
demands  are  not  at  the  maximum  seasonal  ac- 
tivity. 

A  recent  investigation  by  Engineering  Record 
shows  that  wages  have  advanced  in  the  north- 
eastern section  of  the  country,  represented  by  a 
line  drawn  along  tlie  western  boundary  of  Minne- 
sota around  Missouri  and  back  to  Washington, 
D  C.  In  this  territory  is  concentrated  61% 
of  the  population  of  the  U.  S.  Southern  New 
England,  southern  New  York,  Pennsylvania  and 
New  Jersey  and  a  small  area  northwest  of  Chi- 
cago are  reported  ns  feeling  a  sharp  scarcity  of 
men.  Manufacturing  has  greatly  increased  and 
with  monev  unusually  easy  it  seems  unlikely  that 
conditions 'will  be  modified  in  the  early  future. 

Immigration  tables  show  that  the  normal  per 
annum  increase  of  Italian  laborers  in  New  Eng- 
land has  been  about  13,000  and  in  New  York 
about  26,000.  Since  June  30,  1P14,  not  only  has 
this  increase  stopped  but  New  England  has  lost 
22,000  and  New  York  64,000  Italian  laborers 
al~one.  Official  figures  do  not  show  that  this  is 
being  offset  by  other  immigrants  while  it  is  cer- 
tain that  laborers  of  other  nationalities  have  left 
in  considerable  numbers. 

The  Aberthaw  Construction  Co.,  Boston,  has 
made  a  survey  of  the  situation  as  it  affects  the 
East  and  the  results  indicate  that  30  cts.  and  very 
likely  more  will  be  paid  for  an  8-hr.  da.  this  sum- 
mer. The  employment  bureaus  have  reported  a 
labor  scarcity  dating  back  to  Aug.,  1915.  Re- 
ports from  labor  unions  show  only  4%  unem- 
ployed from  June,  1915,  to  Jan.,  1915,— the  low- 
est in  years.  Another  indication  is  the  high  per 
cent  of  want  ads  which  call  for  unskilled  labor. 

The  West  and  the  South  seem  to  have  sufficient 
common  labor  but  as  the  proportion  of  population 
is  small  in  these  sections  it  is  unlikely  that  they 
will  be  able  to  relieve  the  situation  in  any  marked 
degree. 


There's  Nothing  Like  Treparedness  for 
a  Test 

SOME   concrete    structural    tile    made    by   the 
Delta  Brick  and  Tile  Co.,  Detroit,  were  de- 
livered on  a  job  recently— the  job  being  in  the 
immediate   vicinity   of   a   clay   brick    yard.      The' 
concrete  tile  have  been  giving  common  brick  hot 
competition— up  to   the  limit  of  capacity  of  the 
tile    plant.      Somebody    informed    the    Dept.    of 
Bldgs.    that   the   tile   were    of    poor    quality    and 
should  be  tested.     Almost  anybody  can  secure  a 
test  on  demand.     The  Chief  Inspector  of  the  De- 
partment  notified   S.    H.   Wightman,  manager   of 
the  Tile  company,  that  samples  of  his  tile   from 
the  job  near  the' brick  yard  would  be  tested  at  9 
o'clock  the  next  morning,  the  samples  having  been 
taken  by  the  Department.     The  first  tile  broke  at 
1  748  lbs.  per  sq.  in.;  the  second  one  at  1,915  lbs. 
per  sq.  in.  (net  area).     The  minimum  requirement 
of  the  Detroit  building  code  is  1,000  lbs.,  with  a 
required  .average  of  1,500  lbs.     The  test  was  the 
ogth  made  on  the  Detroit  tile  showing  an  average 
net  crushing  strength  of   2,600  Ibs.-the  lowest, 
1  485  lbs.,  the  highest,  3,207.     Mr.  Wightman  is 
convinced  that  there  is  nothing  like  preparedness 
.all  the  time. 

Concrete  Trusses  are  Outcome  of  Steel 
Situation 

THE  difficulty  of  securing  structural  steel  for 
long-span  girders  and  trusses  has  naturaUy 
turned  the  attention  of  designers  to  reinforced 
concrete.  This  is  not  only  true  of  the  friends  ot 
concrete  but  designers  who  have  hitherto  refused 
to  consider  concrete  for  such  purposes  are  being 
forced  to  give  its  use  their  attention.  It  is  only 
logical  to  assume  that  they  wiU  learn  much  to 
their   advantage. 

In  view  of  the  situation  and  the  very  limited 
amount  of  Uterature  available  on  this  subject 
Concrete  is  fortunate  in  being  able  to  publish  in 
this  and  in  the  succeeding  number  a  comprehen- 
sive presentation  of  the  development  and  design 
of  roof  trusses,  especially  prepared  by  A.  M. 
Wolf  at  the  request  of  this  magazine.  Further 
contributions  out  of  recent  experience  are  wel- 
come. 
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Machinery  vs.  Hand  Labor 

RJSING  labor  costs  cannot  fail 
to  stimulate  thought  as  to  how 
mechanical  equipment  can  be  em- 
ployed to  keep  down  the  ultimate 
cost  of  construction  work.  It  is  prob- 
able that  from  the  present  situation 
will  be  evolved  wider  use  of  labor 
saving  equipment  now  available  and 
the  introduction  of  new  methods  to 
increase  the  production  per  man 
employed.  The  present  condition  is 
regrettable  but  out  of  it  should  come 
valuable   knowledge. 

Are  Architects  Too  Conser- 
vative 

WHY  are  architects,  as  a  class, 
indifferent  to  improved  de- 
vices? Anj'  salesman  calling  on 
architects  will  confirm  the  state- 
ment that,  collectively,  architects  do 
not  readily  accept  new  methods  and 
materials. 

Doubtless  a  very  proper  conserva- 
tism toward  untried  materials  is 
prompted  by  the  desire  to  protect 
clients  from  unsatisfactory  results, 
but  is  it  not  equally  desirable  to 
give  them  the  comforts  and  econo- 
mies made  available  by  careful  in- 
vestigation backed  by  technically 
trained  judgment? 

It  is  common  to  find  a  passive  atti- 
tude on  the  part  of  the  architect 
even  toward  proved  commodities  and 
in  numerous  instances  the  client  ac- 
tually has  to  "sell"  his  architect  ma- 
terials with  which  the  architect  has 
not  become  familiar.  The  architect 
should  use  his  technical  training  not 
only  to  protect  his  client  from  un- 
worthy materials  but  to  aid  him  in 
selecting  the  best  that  can  be  ob- 
tained. 

Competition 

'T'HE  best  thing  that  can  happen 
*  to  any  industry  is  to  get  co- 
operation among  all  the  minds  de- 
voted to  it.  If  one  man  is  putting 
on  stucco  to  stay  and  another  man's 
work  is  going  to  pieces,  the  news  of 
the  failures  is  spreading  faster  and 
farther  than  the  news  of  the  suc- 
cesses. The  result  is  that  the  busi- 
ness of  the  man  doing  good  work 
is  actually  injured  by  the  other  fel- 
low. Composition  floors,  to  which 
this  magazine  gave  some  attention 
in  Jan.,  I916,  supply  a  striking 
example  of  this  inevitable  situation. 
A  good  many  jobs  of  composition 
floor  laying  have  been  bungled.  The 
legitimate  manufacturers  and  con- 
tractors in  this  field  have  a  hard 
situation  to  combat. 


Many  times  this  magazine  has 
pointed  out  how  important  is  co- 
operation among  all  the  workers  in 
the  concrete  fields.  Each  issue  of 
this  magazine  is  evidence  of  the 
fruits  of  co-operation.  One  man 
asks,  another  man  answers — one 
man  has  a  certain  job  to  do,  another 
man  has  already  solved  the  prob- 
lems involved.  The  man  who  hnows 
is  actually  building  up  his  own  busi- 
ness if  he  helps  the  other  fellow  to 
achieve  a  success  which  will  further 
the   industrv   in   which  both  are  en- 


In  an  address  before  the  Port- 
land Cement  Assn.,  in  Chicago,  May 
10,  George  T.  Buckingham  talked 
about  modern  competitors.  Among 
other    things    he    said : 

When  the  19th  century  was  young;  the 
competitor  regarded  his  operations  as 
secret.  It  was  a  calamity  for  one  com- 
petitor to  discover  the  facts  concerning 
the  business  of  another.  Now  all  that 
has  passed.  The  intelligent  competitor 
of  the  20th  century  turns  the  sunlight 
of  puhlicitii  upon  his  affairs  for  the 
benefit  of  all  in  the  same  business.  The 
first  and  fullest  possible  interchange  of 
information,  concerning  the  facts  of 
common  interest,  in  any  given  line  are  of 
the  greatest  possible  benefit,  not  only  to 
those  engaged  in  the  business,  but  to 
the  public  as  well.  The  largest  inter- 
change of  information  tends  to  stabilize 
every  industry,  and  to  protect  tlie  public 
against  unfair  competitors,  as  well  as 
to  protect  the  competitors  against  the 
unfair  action  of  the  public. 

Defining  the  Consistency  of 
Concrete^ 

By  DiFF  A.  Abrams'^ 

The  conistency  of  concrete  may  be 
defined  as  the  ratio  of  the  weight  of 
the  water  used  in  the  mix  to  the 
total  weight  of  defined  materials  in 
the  batch.  At  the  present  time  there 
is  no  well  defined  standard  of  con- 
sistency for  concrete.  Committee 
C-9  of  the  Am.  Soc.  for  Test.  Mat. 
on  Standard  Tests  of  Concrete  and 
Concrete  Aggregates  has  recom- 
mended the  following  method  for 
determining  the  proper  consistency 
of  concrete  for  tentative  use  in  labo- 
ratory tests: 

IMix  a  small  batch  of  concrete  suf- 
ficient to  make  a  6-in.  by  12-in.  or 
8-in.  by  l6-in.  test  cylinder.  For 
this  purpose  a  metal  form  with  uni- 
form diameter  and  smooth  inner  sur- 


Mn  a  discussion  of  this  subject  at  tlie  \a- 
tion.-il  Conference  on  Concrete  Road  Buildins 
in  Chicago,  Professor  Abrams  described  brief- 
ly methods  of  definitely  determinins  standard 
r'onsistencv.  Since  then  be  has  been  able  to 
aiake  the  discussion  more  complete  and  give 
it  to  the  readers  of  Concrete— Editors 

-Prof,  in  charge  of  Structural  Materials  Re- 
search Laboratory,  Lewis  Institute,  Chicago 


face  must  be  used.  Place  the  con- 
crete in  the  form  in  layers  of  S"  to- 
4"  in  thickness,  using  care  to  see 
that  all  the  concrete  is  not  thrown 
against  one  side  of  the  form.  After 
placing  each  layer,  puddle  the  ma- 
terial with  a  steel  rod  about  14"  in 
diam.  and  2'  or  3'  in  length.  This- 
method  of  puddling  serves  to  break 
up  any  arching  of  the  coarse  aggre- 
gates and  to  release  entrained  air  or 
water.  As  soon  as  the  specimen  is 
completed,  remove  the  form  entirely 
from  the  fresh  concrete  by  a  steady 
upward  pull.  The  form  is  to  be  re- 
moved withotit  releasing  the  clamps 
or  bolts  which  hold  it  together.  Use 
care  not  to  disturb  the  fresh  con- 
crete. The  correct  amount  of  water- 
has  been  used  when  the  specimen  of 
fresh  concrete  shortens  about  %" 
for  a  6-in.  by  12-in.  cylinder,  and  a 
proportional  amount  for  other  sizes, 
upon  removal  of  the  form.  The  con- 
sistency determined  in  this  way  may- 
be termed  "Standard  Consistency." 
It  will  be  found  that  for  1  :2 : 1  mix, 
this  requires  7%  to  10%  of  water, 
depending  on  the  kind  and  size  of 
aggregates.  If  the  concrete  speci- 
men shortens  more  than  the  amount 
indicated  above,  too  much  water  has 
been  used  for  standard  consistency. 
If  no  shortening  is  observed,  the  con- 
crete is  too  dry  for  standard  consist- 
encv. 

The  method  of  puddling  by  means 
of  a  steel  rod  furnishes  a  fair  cri- 
terion of  the  proper  consistency.  If 
the  concrete  is  mixed  too  dry  the 
material  cannot  with  any  success  be 
puddled  in  this  way. 

Such  terms  as  "dry,"  "moist 
eartli,"  "medium,"  "wet,"  "sloppy," 
etc.,  which  are  frequently  used  to 
describe  the  consistency  of  concrete, 
have  no  definite  significance  and 
their  use  should  be  discouraged.  It 
will  be  noted  that  the  consistency 
mentioned  above  is  considered  stan- 
dard for  use  in  laboratory  tests. 
However,  consistencies  other  than- 
standard  may  be  expressed  as  a  per- 
centage of  standard  consistency  de- 
termined by  the  above  method. 
Thus,  what  was  formerly  termed 
"dry"  consistency,  may  be  expressed 
as  80%  of  standard  consistency; 
"wet"  consistency  as  125%  of  stan- 
dard consistency,  etc.  For  instance, 
it  may  be  found  desirable  to  define 
the  proper  consistency  of  concrete 
for  use  in  road  construction  as,  say, 
120%  of  standard  consistenev. 

Consistency  should  be  defined  in 
terms  of  the  weights  of  materials 
used.  The  above  method  furnishes 
a  definite  means  of  expressing  the 
amount  of  water  required  in  any 
given  case. 
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Suggestions  for  Building  Private  Garages 

of  Concrete 


Tlie  fonstructioii  of  tlic  private 
{^araj^e  is  one  of  the  cvcryd.iv  |)rol)- 
lenis  of  botli  the  architect  and  tlie 
builder.  It  presents  an  opportiniity 
offered  by  few  small  structures  to 
display  resource  in  providing  a  fire- 
proof"  building  at  moderate  cost,  a 
building  that  will  have  an  individu- 
ality suited  to  its  surroundings. 
There  is  endless  opportunity  to  add 
refinement  of  detail.  A  suggestion 
that  will  sometimes  add  to  the  value 
of  the  proposed  job  for  both  owner 
and  builder  is  its  combination  with 
some  other  building  needed  by  the 
owner,  a  billiard  room,  studio,  shop 
or   den. 

Salesmanship  plays  a  large  part  in 
profitable  fireproof  garage  construc- 
tion: small  garages  can  often  be 
made  )>rofitable,  but  specialization  is 
desirable  as  tbc  contractor  who 
builds  '20  garages  in  a  season  can 
give  better  service  and  make  a  better 
profit  than  he  who  builds  but  one  or 

.  two. 

Prospects  can  be  secured  by  work- 
ing with  local  automobile  dealers 
who  generally  know  of  eontem]>lated 
buildhigs.  Letters  should  be  mailed 
to  these  people  calling  attention  to 
the  value  of  the  fireproof  garage 
and  to  the  writer's  ability  to  con- 
struct attractive  fireproof  buildings. 
Pamphlets  and  folders  are  available, 
describing  various  types  of  concrete 
craraues  and  offering  suggestions 
Through  attractive  illustrations.  A 
supplv  of  these  pamphlets  can  be 
obtained  on  request  or  at  a  nomin.al 
cost^;  one  or  more  should  be  sent 
with  the  letter.  A  return  postal  to 
make  replv  definite  and  easy  should 
be  enclosed.  A  prompt  personal  call 
following  a  response  should  be  made 
and  so  far  as  time  permits  personal 
solicitation  should  follow  all  letters 
whether  or  not  a  reply  is  received. 

In  making  calls  the  builder  should 
carry  as  large  a  collection  as  possi- 
ble "of  pictures  showing  garages  of 
the  kinds  he  is  prepared  to  build. 
This  collection  should  be.  preferably, 
good  photographs  attractively  mount- 
ed in  a  neat  album,  showing  his  own 
work,  but  may  be  supplemented  by 

^Portland  Cement  Assn..  ill  Washington 
qt  W..  Chicaso;  .\Ipha  Portland  Cement  Co 
Easton,  Pa.:  .*tlas  Portland  Cement  Co.,  30 
Broad  St..  N.  Y.  C. 
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Fig.  1— Hollow  Tfi-E  and  Stucco,  Coxcbete  Floors 

Fig.  2-Double  Coxcrkte  Walls,  Coxchete  Floors  and  Stucco 


photos  from  other  sources  and  by 
pictures  clipped  from  magazines, 
etc..  and  by  bulletins. 

Fortunately  the  floor  plans  of  most 
private  garages  are  extremely  sim- 
ple; attractiveness  and  fireproof 
construction  are  the  strong  selling 
points.  Study  the  site  and  the  own- 
er's tastes.  Slost  automobile  owners 
are  able  to  spend  a  little  more  money 
to  buy  an  especially  pleasing  build- 
ing. 

For  a  single  car.  garages  are  fre- 
quently built  13'  X  2-i'.  which  gives  a 
3- ft.  space  around  a  large  car  and 
room  for  a  small  bench.  This  size 
can  be  reduced,  where  space  is  not 
available,  to  12'  x  20'.  which  is 
small  enough.     The  owner  can  often 


be  shown  the  wisdom  of  building  a 
two-car  garage  even  though  no  im- 
mediate need  exists.  This  will  pro- 
vide for  a  visitor's  car  or  the  space 
can  be  rented.  The  extra  cost  is 
not  great.  A  good  two-car  size  is 
23'  X  23'  inside,  but  this  can  be 
somewhat  reduced. 

CONSTRUCTIONS 

Concrete  garages  may  be  classed 
in  three  types  as  to  construction  and 
finish:  (1)  stucco  on  block,  tile  or 
metal  lath,  (2)  block  and  other 
units,  (3)  poured  or  monolithic  con- 
struction. The  order  given  probably 
indicates  the  relative  numbers  of 
each  type  built. 

Stucco  Garages — The  illustrations, 
[mi 
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Fig.  3 — Pouhed  Columns  with   .Metal  Lath  axd  Stucco 
Fig.  4 — Garage  and  Studio  of  Coxcrete  Tile  and  Stucco 
Fig.  5 — The  Garage  Showx  is  Fig.  3  Complete 


Figs.   6   and   T — Suggestions   for   Door   Tre.^t.mext;   a   Flat 

Roof  is  Economical 

Fig.  8 — Rough-Cast  and  Tile 


Figs.  1  to  12  and  Fig.  20  show  stuc- 
co on  a  variety  of  bases.  Fig.  1  is  a 
very  high-class  building  with  living 
quarters  for  employees  and  with  a 
greenhouse  in  connection.  Above  the 
foundations  the  walls  are  constructed 
of  hollow  tile  which  were  filled  with 
concrete  and  reinforced  at  all  jambs 
and  every  place  along  the  walls  that 
received  concentrated  loads.  Inter- 
ior partitions  are  built  of  hollow  tile. 
The  second  floor  is  of  Floretyle' 
construction  with  a  wood  roof  and 
suspended  ceiling  on  rib  lath."  All 
windows,  sliding  and  swinging  doors 
are  of  United  steel  sash" ;  wired  glass 
and  fireproof  putty  were  used,  the 
entire  interior  is  painted  with  Asep- 
ticote/    excepting    portions    of    the 


Trussed   Concrete   Steel   Co.,   Youngstown. 
Ohio 


bath  room  where  Marine  enamel"  was 
used. 

The  garage  illustrated  in  Fig.  2, 
while  a  monolithic  building,  is  finish- 
ed with  stucco  and  is  described  by 
the  builder,  W.  W.  Schouler^  as  fol- 
lows : 

The  garage  is  30'  x  20',  with  living 
and  storage  quarters  on  second  floor. 
First  floor  and  second  floor  are  of  rein- 
forced concrete.  The  first  story  is  built 
of  hollow  monolithic  walls  consisting  of 
two  4-in.  walls  with  a  SVa-in.  continuous 
air  space.  The  walls  are  holding  10'  of 
bank  on  two  sides.  Three  hundred  feet 
of  retaining  wall  were  built  in  the  same 
manner,  wkhout  forms,  using  a  hollow 
wall  machine.* 

The  second  story  is  of  stucco  on  frame. 
The  inside  is  plastered  with  patent  plas- 


'Schouler  Cement  Const.  Co.,  Newark,  N.  J. 
n'an   Guilder   Hollow  Wall  Co.,   Rochester, 

N.  y. 
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ter.  Gas  tank  pump,  work  bench  and 
electric  lights  are  installed.  Woodwork 
is  stained  dark  and  leaded  glass  windows 
are  used.  The  second  story  was  given  a 
scratch  coat  and  the  entire  building  re- 
ceived a  coat  of  stucco  to  get  an  even 
surface;  then  it  was  dashed  with  a  mix- 
ture of  1  white  cement,  2  sand  and  3, 
V,-in.  trap  rock  thrown  on  with  brick 
trowel  and  paddle.  Steam  heater  is  in 
separate  room,  with  outside  door  only. 

Stucco  on  Lath — In  Fig.  3  is 
shown  a  garage  under  construction, 
using  poured  concrete  bearing  posts 
with  curtain  walls  plastered  on  Hy- 
Rib."  The  finished  building  is  shown 
in  Fig.  5.  The  building  shown  in 
Fig.  4  is  a  combination  building 
which  faces  the  owner's  garden  and 
house.  The  entrance  is  into  a  studio 
which  is  separated  by  a  fire  wall 
from  the  garage  proper,  which  is  en- 
tered from  the  alley  at  the  rear. 
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Fios.  !)-!() — A  Shelter  Only,  But  Fibe- 
PKOOF,  Cij:an   and   Inexplnsivx 


A  large,  rough  stoiip  fireplace 
with  concrete  mantel  and  ciiimncy  is 
an  attractive  feature.  This  building 
is  constructed  of  hollow  concrete 
tile"    covered    with   stucco,   and   left 


milinished  inside.  The  roo.f  is  shin- 
gled and  stained  a  dull  red.  A  hot 
water  heater  is  installed  in  the 
studio. 

Illustrations  6,  7  and  8  are  other 
examples  of  metal  lath  and  plaster 
construction.  A  number  of  methods 
are -available  for  this  work  wiiich  is 
shown  in  its  simplest  form  in  Fig.  9. 
A  frame  of  pipe,  light  angle  iron  or 
jiressed  steel  lumber  is  erected  and 
ribl)cd  metal  lath  wired  to-  tlic  frame. 

Four  coats  of  mortar,  two  on  each 
side,  should  be  supplied,  making  a 
reinforced  slab  about  2"  thick,  and 
a  third  coat  dashed  or  troweled  on  as 
;in  exterior  finish.  Similar  construc- 
tion on  wood  frame  is  mucli  used  but 
is  not  desirable  for  garages. 

A  garage  built  and  owned  by 
I.ouis  R.  Williams,  Bartlesville, 
Okla.,  is  shown  in  Fig.  11.  The  walls 
are  brick,  4-in.  curtain  walls  being 
used.  The  building  is  14'  x  20',  9' 
to  under  side  of  reinforced  concrete 
roof  beam. 

The  longitudinal  beams  are  8"  x 
12"  in  section  and  overhang  the  stuc- 
co 1".  A  longitudinal  beam  helps 
support  the  ,^-in.  concrete  slab  roof 
which  is  dished  to  the  center  and 
slopes  to  an  outlet  at  the  rear.     Tlie 


Fig.  11 — A  Rugged  Building  of  Distino- 
TivE  Design 

l''ic.  13 — Mission  Arciiitectube  Makes  a 
CJasoline   Station   Beautiful 

cross-beams  that  give  the  pergola  ef- 
fect are  4"  x  8". 

The  poured  work  was  finished  by 
brushing  to  expose  the  aggregates 
and    the   brick    plastered   both   sides 


Fig.  13 — Large  Units  and  Tile  Make 
Fig.  14 — Plain  Block  in  Two  Tones 
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Dignified  Building 


Fig.    15 — Ashlar    Laid    Block,    Cabekul    Design    and    Good 
Work 

Fig.   16 — A  Dignified  Design;  Plain   Block  Would  Give  a 
Better  Effect 


[24.5] 


CONCRETE 


Fig.  it — Plaix  Block  with  Brick  Trim;  Work  Like  This  Makes  Friends 


and  the  exterior  pebble-dashed.  Gas 
and  water  connections  and  electric 
lights  are  provided.     Cost,  $185. 

City  requirements  are  resulting  in 
the  erection  df  a  large  number  of 
gasoline  stations.  Fig.  12  shows  an 
attractive  filling  station  at  Los  An- 
geles, Cal.  The  Mission  architecture 
has  been  worked  out  in  stucco  and 
furnishes  a  valuable  suggestion.  A 
feature  is  the  installation  of  the 
gasoline  pump  in  one  of  the  massive 
columns  at  the  front. 

UNIT    CONCRETE    GARAGES 

Concrete  units  when  well  made 
and  carefully  finished  make  a  excel- 
lent construction  for  a  garage.  Fig. 
13  shows  garage  of  plain-faced  slabs 
built  by  W.  E.  Wagner,  Toronto, 
Ont.  The  construction  is  very  light 
and  strong.  It  consists  of  thin  con- 
crete slabs  set  on  edge  and  tied  by 
concrete  studs  ^Vo"  x  6".  poured  in 
place.  Slabs  are  reinforced  with 
wire  mesh  and  left  with  a  rough  tex- 


FiG.    18 — Skillful    Window    and    Door 
Treatment  Makes  This  Distinctive  at 
Little  Increase  in  Cost 
Fig.    19 — Plain   and    Substantial   Con- 
crete Roof  ' 
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ture.  These  units  have  the  effect  of 
very  large  blocks.  The  roof  is  of 
metal  tile. 

A  similar  eifeet  is  shown,  secured 
by  the  use  of  a  rough-textured  plain- 
face  block,"  in  Fig.  14. 


Fig.    20 — All-Concrete    Double    Walls 
with  Cornice  Cast  in  Place 


Fig.   21 — Section   and   Isometric   Views, 
Showing  Form  Details  for  Cornice 


Other  excellent  examples  of  block 
garages  are  shown  in  Figs.  15  to  19- 
Fig.  15  laid  in  broken  ashlar  ma- 
sonry is  an  excellent  example  of  the 
work  being  turned  out  by  modern 
equipment*  in  the  hands  of  expert 
workmen. 

The  building  in  Fig.  16  shows  a 
roof  treatment  that  adds  dignity  and 
finish  to  a  plain  structure.  The  pre- 
tentious garage.  Fig.  17,  shows  an 
effective  use  of  plain  block  and  brick 
trim.  Illustrations  18  and  19  offer 
further  suggestions.  Fig.  19  shows 
a  concrete  roof. 

MONOLITHIC    GARAGES 

A  very  tasteful  garage  is  illus- 
trated at  Fig.  20  which  possesses  the 
distinction  of  being  truly  all-con- 
crete. 

This  garage,  36'  x  42',  was  built 
at  Brookline,  Mass.,  by  the  F.  O. 
White  Construction  Co.,  Cambridge, 

'Hobbs  Concrete  Macby.  Co.,  Detroit 


77oor: 


Fig.  22 — Plans  of  Concrete  Garage- 
for  Farm  or  Blisiness  Use 
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Mass.  Till-  walls  are  double,  con- 
structed with  ii  hollow  wall  machine.'' 
They  were  built  up  to  the  roof  level 
and  forms  for  a  flat  roof  were 
placed ;  the  cornice  and  its  construc- 
tion arc  shown  at  Fig.  21.  The  roof 
is  5"  thick  reinforced  with  %-in.  rods 
()"  o.  e.  transversely  and  24"  o.  c. 
longitudinally.  A  steel  beam  also 
supports  the  slab  ab  its  center  long- 
itudinally. The  cornice  forms  are 
supported  by  poles  and  ledgers. 
The  poles  are  securely  tied  to  the 
building.  A  12-in.  plank  forms  the 
base  on  which  open-end  boxes  are 
laid  at  suitable  spacing.  These 
boxes  are  held  securely  by  a  molding 
and  strips  which  form  the  end  of  the 
bracket  and  insure  perfect  align- 
ment. The  remainder  of  the  form  is 
clearly  shown.  After  pouring  the 
roof  and  the  cornice,  the  parapet 
wall  was  built  with  the  wall  machine. 
The  box  forms  should  be  made 
slightly  wider  at  the  bottom  and  the 
corners  rounded.  Forms  should  be 
well  oiled  w-ith  paraffin  oil. 

At  times  it  is  desirable  to  combine 
other  buildings  with  the  garage. 

F"ig.  22  gives  )ilans  for  a  two- 
story  and  basement  garage  designed 
for  a  PeiHisylvania  farm  by  A.  Mor- 
gan Smith."  The  building  is  located 
in  a  bank  so  that  the  basement  is 
accessible  from  a  low  level.  The 
building  is  21'  x  21'  and  was  poured 
in   wood    forms. 

The  floor  slabs  were  designed  for 
a  load  of  1,500  lbs.  and  were  tested 
by  placing  the  weight  at  W;  no  de- 
flection was  noted.  The  sl.abs  are 
4"  thick  made  of  cinder  concrete,  re- 
inforced with  %-in.  square  bars 
12"  o.  e.  A  1-in.  granolithic  finish 
was  placed  for  a  wearing  surface. 

The  building  was  furred  and  lath- 
ed to  secure  insulation  and  the  out- 
side walls  were  stuccoed.  The  roof 
is  a  3-in.  gravel  concrete  slab  rein- 
forced with  ^s-in.  rods  12"  o.  c. 
both  ways.  The  concrete  roof  rests 
on  a  cinder  bed  entirely  clear  from 
the  ceiling  slab.  The  chimney  was 
poured  around  an  8-in.  stovepipe. 
The  two  floors  give  about  1,300  ft. 
area  and  the  cost  was  about  $1.00 
per  sq.  ft. 


Each  year  the  city  of  Buenos 
Aires  gives  a  cash  prize  to  the  archi- 
tect of  what  is  adjudged  to  be  the 
most  handsome  building  erected  dur- 
ing the  year  and  the  owner  receives 
a  worth-while  tax  exemption.  This 
idea  is  good  and  could  be  elaborated 
by  forming  several  classes  to  secure 
separate  prizes  for  business  build- 
ings, residences  of  varying  cost,  etc. 

'Archt.,  Mt.  Lebanon,  Pa. 
Jtine,  1916 


A  60-in.   Monolithic  Concrete  Storm 
Sewer  at  Houston,   Texas 


By  G.  L.  Fugate^ 


Fig.  1 — Standaub  Stobm  Seweu  Section, 
Houston,  Tex. 

The  McGowan  Ave.  storm  sewer, 
Houston,  Tex.,  is  a  60-in.  monolithic 
concrete  lateral  to  the  Fourth  Ward 
trunk  line  storm  sewer;  the  trunk 
line  has  a  section  of  9'  in  diam-  at 
the  junction  point  and  is  of  the 
Parmley  segmental  concrete  block 
construction. ■ 

The  !McGowan  Ave.  storm  sewer 
is  the  largest  nionolitiiic  concrete 
sewer  in  the  city,  although  larger 
ones  are  planned.  It  has  a  depth 
of  14'  to  20'  below  the  surface;  the 
topography  of  Houston  is  almost 
level  but  has  a  slight  slope  away 
from  the  Houston  Ship  Channel,  the 
outlet  for  all  storm  water ;  this  re- 
quires the  storm  sewers  to  be  verv 
deep,  and  until  recently  the  idea  has 
been  that  monolithic  construction,  in 
the  treacherous  soil  that  is  usually 
met  with,  would  not  be  economical. 
In  1914  over  2  mi.  of  monolithic 
concrete  sewers  were  constructed, 
ranging  in  size  from  27"  to  60", 
and  from  8'  to  20'  deep.  This  has 
been  found  to  be  a  very  economical 
construction. 

A  standard  plan  for  monolithic 
concrete  storm  sewer  of  different 
diameters  is  shown  at  Fig.  1.  The 
empirical  formula  for  finding  the 
minimum  thickness  is :  r=^2  '^4" 
2l/2 ;  where  T  min.  thickness  in  in. 
and  D^diam.  in  in. 

Connection  of  the  60-in.  mono- 
lithic concrete  and  108-in.  Parmley 
block  was  made  through  a  junction 
chamber. 

The  approach  of  the  60-in.  sewer 

'Engr.,  Storm  Sewers,  Houston,  Tex. 
-Walter  C.  Parmley,   N.   Y.  C. 
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is  on  a  curve  having  a  radius  of  54' 
to  center  line  and  through  a  central 
angle  of  57°  .30';  the  excavation 
was  through  strata  of  quicksand  and 
the  foundation  had  to  be  poured  in 
small  sections.  Deformed  bars  were 
embedded  in  concrete  so  as  to  be 
sure  of  a  good  bond  between  the 
old  and  the  new  concrete.  The  ex- 
cavation in  the  block  containing 
quicksand  was  done  with  hand  labor, 
the  material  being  removed  bj'  cable- 
way  (Fig.  2).  The  surplus  mate- 
rial was  dumped  from  cableway 
bucket     into     w-agons     and     hauled 


Fig.  2 — Cableway  for   Excavating 
Back-filling 
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Fig.  3 — Diagram  of  Trench  Bracing 
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away ;  the  material  for  back-filling 
was  carried  back  of  a  completed  sec- 
tion of  sewer  and  dumped.  This  is 
a  very  economical  way  as  the  exca- 
vating and  back-filling  are  done 
with  one  handling  of  the  earth.  The 
method  of  bracing  and  sheeting  the 
trench  through  the  quicksand  is 
shown  by  Fig.  3,  and  gave  very  good 
results.  The  trench  was  excavated 
down  to  the  quicksand  and  braced 
by  usual  methods,  by  rangers  and 
upright  sheeting.  When  the  quick- 
sand was  reached  the  4-in.  x  6-in. 
posts  were  sunk  until  the  ends  were 
about  8"  below  the  bottom  of  the 
sewer;  this  was  done  by  boring  a 
hole  with  an  8-in.  post-hole  auger; 
the  instant  the  auger  was  removed, 
men  were  ready  with  the  post  to 
place  in  the  hole;  sometimes  it  would 
require  several  operations,  as  the 
sand  would  come  in  as  the  auger  was 
removed. 

The  next  step  was  to  get  the  bot- 
tom 4  X  6's  in  place;  they  were  put 
in  between  the  posts  and  the  sand 
removed,  until  finally  gotten  into  the 
correct  position  and  spiked ;  the  4-in- 
X  6-in.  posts  were  then  braced  at  the 
top,  so  that  there  would  j  ust  be  room 
to  slip  the  form  under;  the  posts 
were  spaced  horizontally  8'  apart 
and  after  being  braced  at  top  and 
bottom  excavation  was  started  in  the 
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Fig.  4 — Excavator  at  Work 
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quicksand  along  the  edge  of  the 
trench  and  as  soon  as  possible  a  2-in. 
x  8-in.  piece  of  horizontal  sheeting 
was  placed;  another  section  was 
taken  out,  the  2-in.  x  8-in.  being 
driven  down  as  the  excavation  pro- 
ceeded and  another  piece  put  in  from 
above.  After  reaching  grade  a  2-ft. 
X  10-ft.  floor  was  laid,  and  the  forms 
immediately  set;  the  concrete  was 
poured  to  the  top  of  the  form  and 
the  4-in.  x  6-in.  was  removed;  no 
top  forms  were  used,  but  sewer  fin- 
ished as  shown  by  Fig.  3 ;  this  gave 
an  excess  of  concrete,  but  was 
clicaper  than  placing  forms. 

After  leaving  the  block  containing 
i|uicksand  the  excavation  was  done 
with  a  No.  2  Austin  excavator.' 

The  illustrations  give  an  idea  of 
I  he  amount  of  dirt  removed;  some 
'imd  finishing  was  done  in  the  bot- 
;om  of  the  trench,  this  being  neces- 
sary to  get  the  theoretical  section  of 
the  sewer. 


^Austin   Drainage  and  Excavator  Co.,  Chi- 
cago 


Back-filling  was  done  with  a  mod- 
el 28  Marion  steam  shovel,*,  the  sur- 
plus material  being  loaded  by  the 
shovel  into  wagons  and  hauled  away. 
Considerable  delay  was  caused  by 
not  keeping  enough  teams  to  keep 
the  shovel  going,  as  some  of  the 
hauls  were  long.  The  trench  was 
filled  about  %  full  and  water  turned 
on  until  it  stood  above  the  fill;  fill- 
ing was  then  completed,  the  water 
running  until  street  grade  was 
reached. 

FORMS 

Forms  used  were  the  Keller  col- 
lapsible steel  forms.^  The  concrete 
anchor  blocks  were  made  at  the  con- 
tractors' plant  and  hauled  to  job  on 
wagons. 

In  setting  forms,  the  anchor  blocks 
were  placed  on  the  sub-grade  3'  10" 
apart  and  under  joints  as  shown  at 
Fig.  6  to  prevent  forms  from  buck- 
ling. The  first  section  of  forms  was 
placel  in  position,  the  angles  at  bot- 
tom, as  shown  at  Fig.  6,  and  both 
ends  tied  through  perforations  to 
desired  diameter;  the  spreader  was 
placed  in  position  in  discharge  end 
and  expanded  until  tight.  The  sec- 
ond section  was  then  placed  in  the 
forward  end  of  first  section  and 
against  the  angles,  the  forward  end 
tied  with  wire  to  desired  diameter 
and  spreader  placed  at  bottom,  the 
top  being  pushed  into  position  and 
expanded  until  both  sections  were 
rigidly  clamped ;  the  third  sections 
were  then  placed  the  same  way. 

Concrete  was  poured  wet  on  top 
of  forms  and  allowed  to  run  off  both 
sides,  the  sides  being  filled  evenly  to 
prevent  springing  of  forms.  Forms 
were  collapsed  by  removing  spread- 
ers and  clipping  the  wires  inside  the 
forms ;  in  re-setting  the  forward  sec- 


Fio.  6 — Detail  Showing  Form  Arrange- 
ment 

<Marion  Steam  Shovel  Co.,  Marion,  Ohio 
•Keller  Collapsible  Steel  Form  Co.,  Eansai 
City,  Mo. 
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tion  was  drawn  into  position  and  re- 
set and  so  until  all  were  in  place; 
these  forms  were  used  with  good  re- 
sults in  [Hitting  in  the  curve  of  Si- 
ft,  radius. 

This  contract  covered  only  the  first 
section  of  the  sewer  as  planned  and 
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Fig.  7 — Details  of  Junction  Chamber 
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Sewers.  The  general  contract  was 
executed  by  Horton  &  Horton,  who 
sublet  the  machine  excavation  to 
Freund  &  Quay,  Houston,  Tex. 


COST  DATA 


Detailed  costs  from  inspectors' 
daily  reports  and  not  including  over- 
head expense  were  as  follows: 
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will  be  extended  in  the  future,  the 
extension  to  begin  with  a  45-ft. 
sewer  and  reduced  as  required  to  a 
20-in.  sewer;  in  this  contract  there 
were  1,968'  of  60-in.  monolithic  con- 
crete sewer  constructed,  2,S  standard 
inlets   and  6  standard  manholes. 


The  junction  chamber  shown  in 
Fig.  7  was  a  complicated  structure, 
as  will  be  seen  by  a  study  of  the 
illustration. 

The  work  was  designed  and  super- 
vised by  E.  E.  Sands,  City  Engr., 
and    G.    L.    Fugate,    Engr.    Storm 


Fig.  8 — Standard  Manholes 
June,  1916 


Cost  Data  Junction  Chamber 
Excavation  and  Bracing: 

1,835.0  lirs.  labor   @   20  cts J367.00 

222.0  hrs.  foreman   @   45  cts 99.90 

102.0  hrs.  water  Iwy  @   1214  cts..     12.75 

$479.65 
180.0  cu.  yds.  excavated=|3.69  per  yd. 
(Excessive  cost  due  to  quicksand) 
Placing  Concrete: 

120.0  hrs.  labor  @  20  cts t24.00 

40.5  cu.  yds.  concrete,  labor  cost,  59%  cts. 
per  cu.  yd. 
Building  and  Wrecking  Forms: 

84.0  hrs.  labor  @   56%   cts 147.25 

68.0  hrs.  labor  @  20  cts 13.60 

100.0  hrs.  labor  ®  20  cts 20.00 

180.85 
Labor  cost   for   forms,   J1.996   per  cu.  yd. 

concrete. 
Note — .\fter  wrecking  forms  lumber  had  to 
be  carried  about  80'  through  the  9-ft.  sewer 
and  taken  out  at  manhole. 
Placing  and  Handling  Steel: 

87.0  hrs.  labor  @   20  cts $17.40 

1,910  lbs.  reinforcing  steel  placed  at  $18.22 

per  ton. 
Note — Steel  bent  wrong  and  had  to  be  tak- 
en out  and  re-bent. 
Back-filling  and  Disposing  of  Surplus 
Material : 

257.0  hrs.  labor  @  20  cts $51.40 

50.0  hrs.  team  @   60  cts 30.00 

$81.60 
130.0  CU.  yds.  back-ftlled,  62%  cts.  per  cu. 

yd. 
Note — This    includes    water    tamping    and 
hauling   away   the   surplus   material:    several 
heavy    rains    on    material    before    back-tilling, 
making  it  very  hard  to  handle. 

Cost  Data  foe  Block  Containing  Quicksand 

Costs  based  on  labor  at  $1.75  per  da.  of  8 
hrs.  and  $10  per  da.  depreciation  on  cable- 
way,  which  includes  erecting,  etc.  This  does 
not  include  voerhead  expenses  or  superin- 
tendence. 

Excavation  per  cu.  yd $0,794 

Excavation  per  lin.   ft 4.18 

Includes  back-filling. 
Labor  cost  bracing   and   sheeting,   $3,771   per 

M.  B.  M.  or  .$0,318  per  lin.  ft.  sewer. 
Labor  cost  setting  forms.   $1,046  per  cu.  yd. 

concrete  or  $0,231  per  lin.  ft.  sewer. 
Labor  cost  placing  machine   mixed   concrete, 

$1.56  per  cu.  yd.  concrete  or  $0,345  per  lin. 

ft.  sewer. 

Machine  Excavations 

Based  on  engineer  at  $5.00  per  da.,  fireman 
at   $3.50  and   $30   per  da.   for  depreciation; 
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does  not  include  overhead  or  superinten- 
dence. 

Excavation,  $0,166  per  cu.  ^  d.  or  $0.76  per 
lin.  ft.  sewer. 

Labor  cost  bracing  and  slieeting  trencli, 
$0.0.38  per  cu.  yd.  excavation,  $0.1  "J  per 
ft.  trench  or  $1.92V4  per  M.  B.  M.  lumber. 

Labor  cost  setting  forms,  $0,271  per  cu.  yd. 
concrete  or   $0,135  per  lin.   ft.  sewer. 

Labor  cost  placing  concrete,  $0,965  per  cu. 
yd.  concrete  or  10.48  per  lin.  ft.  sewer. 

Labor  cost  back-filling  with  steam  shovel  and 
loading  in  wagons  the  surplus  material, 
biised  on  $].'>  per  da.  depreciation,  engineer 
at  $5.00,  pit  men  at  $2.50  per  da..  $0.11 
per  cu.  yd.  or  $0,462  per  lin.  ft.  sewer. 

The  total  cost  to  the  city  for  the 
completed  .sewer  was  $'26..t1.S.'2.'>. 


Reducing  Cost  of  Handling 
Cloth  Bags^ 

As  ever3'one  knows  who  handles 
cement,  the  bags  come  back  from  the 
jobs  with  anywhere  from  14  lb.  to 
%  lb.  of  cement  in  each  bag.  Some 
little  of  this  is  shaken  out  by  the 
man  who  counts  the  bags,  but  the 
most  of  it  goes  with  the  bag  back  to 
the  mill,  the  dealer  paying  the 
freight  on  the  entire  weight. 

The  proposition  of  installing  a 
bag  cleaner  was  presented  to  us 
about  six  months  ago  and  after  care- 
ful consideration  it  was  decided  to 
try  it  out.  The  cleaner  removes  ap- 
proximately 1/4  lb.  of  material  from 
each  bag,  thus  reducing  the  ship- 
ping weiglit  to  about  1  lb.  for  plas- 
ter bags.  Now,  estimating  that  you 
handle  250,000  cement  bags  in  a 
year,  there  will  be  a  saving  of  about 
125,000  lbs.  Our  local  freight  rate 
on  cement  bags  is  28.4  cts. ;  this 
means  a  saving  in  dollars  and  cents 

^By  B.  C.  Downey,  in  the  Atlas  Almanac 
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of  $355.00.  Supposing  that  you 
handle  about  60.000  plaster  bags 
from  the  Oaktleld  district,  which 
take  a  rate  of  32.3  cts.  This 
will  mean  a  reduction  of  at  least 
30,000  lbs.  and  a  saving  of  $96.90. 
And  then  you  may  use  about  30,000 
White  Finish  bags  from  the  Ohio 
district,  on  which  j-ou  have  to  pay 
38  cts.  freight  rate.  Cleaning  these 
bags  will  save  about  15,000  lbs.  in 
weight  or  $57.00.  This  makes  a 
total  saving  in  freight  of  $508.90. 
In  addition  to  this,  125,000  lbs.  of 
cement  will  be  329  bbls.,  for  which 
you  can  find  a  ready  sale  at  $1.00 
"per  bbl.  net,  or  a  total  of  $329.00. 
This,  you  see,  brings  the  total  sav- 
ing ujj  to  $837.90.  The  cost  of 
operating  the  bag  cleaner,  interest 
on  your  investment,  depreciation, 
etc.,  will  not  amount  to  more  than 
$237.90.  You  now  have  a  net  sav- 
ing of  $600  on  all  bags  handled 
during  the  year.  We  have  not  yet 
found  a  market  for  the  shakings 
from  the  lime  and  plaster  bags,  but 
undoubtedly  they  could  be  disposed 
of  for  some  purpose  or  other. 

The  cleaner  which  we  use  con- 
sists principally  of  a  large  drum- 
shaped  affair,  covered  with  wire 
mesh,  against  which  the  bags  beat 
when  the  wheel  revolves,  thus  knock- 
ing all  the  dust  out  and  leaving  the 
bag  clean.  The  bags  are  thrown  in- 
to the  drum  and  after  being  revolved 
10  min.  or  15  min.,  they  are  dropped 
out  on  a  conveyor,  which  carries 
them  to  one  end  of  the  cleaner 
where  they  are  removed  and  bundled 
ready  for  shipment.     In  addition  to 


the  saving  from  the  use  of  the  bag 
cleaner,  the  bags  are  in  much  better 
condition  to  count,  and  when  the 
shipments  are  received  at  the  mill, 
they  will  undoubtedly  receive  much 
better  attention. 


How  the  Contractor  Can  Ad- 
vertise and  Get  Results 

"How  can  a  general  contractor  ad- 
vertise.''" 

Which,  of  course,  means  how  can 
he  obtain  the  right  kind  of  public- 
ity; the  kind  that  will  do  more  than 
fill  advertising  space  and  cost  money 
— in  a  word,  the  kind  that  pulls? 

The  principles  of  advertising  are 
the  samd  whether  you  are  endeavor- 
ing to  sell  books,  bricks  or  office 
buildings  or  seeking  to  get  your  name 
on  the  architect's  lists.  The  only 
things  that  change  are  the  manner 
and  methods  of  publicity.  A  general 
contractor  must  therefore  adopt 
methods  suitable  to  his  own  particu- 
lar business,  which,  by  the  way,  is 
decidedly  different  from  anj'  other 
type  of  business,  and  must  have  its 
advertising  done  and  copy  written 
by  men  who  understand,  in  a  most 
comprehensive  manner,  the  details 
and  intricacies  of  the  building  trade. 

Then,  again,  the  advertising  must 
be  of  a  twofold  nature,  inasmuch  as 
its  appeal  must  reach  both  architects 
and  owners — two  different  types  of 
men,  and  in  most  cases  with  very  lit- 
tle in  common  so  far  as  their  train- 
ing is  concerned. 

To  the  architect,  the  builder's  ad- 
vertisement must  appeal  with  such 
riveting  force  as  to  be  ever  before 
him.  If  not  in  a  physical  manner, 
at  least  mentally  it  must  make  a  lit- 
tle dent  in  his  mind  and  "ring  the 
bell"  at  the  psychological  moment 
when  the  architect  is  making  up  his 
list  of  bidders,  and  the  nearer  the 
top  of  the  list  the  better  his  chance 
of  always  being  among  the  favored 
few. 

You  may  say  that  you  already  do 
enough  estimating  and  are  now  work- 
ing overtime  trying  to  land  jobs. 
x\.re  you  on  the  lists  of  all  of  the 
prominent  architects,  the  men  for 
whom  you  would  like  to  estimate? 
Are  you  in  a  position  to  select  the 
good  prospects  and  avoid  the  poor 
ones  ?  In  a  word,  are  you  competing 
against  men  who  do  the  same  caliber 
of  work  that  you  are  doing,  or  are 
you  forced  out  of  your  class  because 
you  are  not  on  the  chosen  lists?  If 
you  cannot  answer  these  questions  to 
your  entire  satisfaction,  then  you  are 
ready  for  serious  thought  on  the 
question   of   advertising — Exchange. 

June,  19ie 
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Reinforced  Concrete  Roof  Trusses 
Types  in  Use —Design  Methods 


Bv  Alhert  M.  Wolf,  C.  E.' 


The  use  of  reinforced  concrete  for 
roof  trusses  does  not  cover  a  very 
long  period  as  compared  with  other 
structures.  Many  engineers  and 
architects  are  now  considering  the 
use  of  reinforced  concrete  trusses 
who  heretofore  have  turned  a  deaf 
ear  to  even  the  mention  of  the  pos- 
sibility of  such  construction.  Illus- 
trative examples  of  concrete  truss 
construction  will  he  of  special  inter- 
est to  the  Jmilder,  the  engineer  and 
the  architect. 

The  almost  entire  absence  of  lit- 
erature on  the  subject  of  roof  design 
warrants  the  very  complete  treat- 
ment given  it  by  the  author.  In 
July,  1916,  design  and  construction 
methods  will  be  treated. 


GENERAL    DATA    AND    EXAMPLES 

In  tlie  parlier  days  of  tlie  concrete 
industry  in  this  country  it  was  the 
general  j)raetiee  to  use  plent_v  of 
concrete  and  steel  rather  than  in- 
dulge in  any  refinements  of  design; 
the  material  added  thus  made  up  for 
approximations  of  design  due  to  lack 
of  knowledge  of  the  action  of  the 
materials  under  load.  Simplicity  in 
design  and  construction  was  sought 
for.  ahove  everything  else.  This  was 
quite  natural,  since  the  materials 
used  were  relativel_v  cheap  as  com- 
pared with  the  cost  of  labor,  and  to 
effect  economy  meant  to  cut  down 
on  labor  cost  wherever  possible. 
This  precludes  the  design  and  use 
of  such  structures  as  Europe  abounds 
in,  namely,  those  exemplifying  a 
combination  of  highly  theoretical 
and  rigid  mathematical  design  and 
the  utmost  economy  in  the  use  and 
deposition  of  materials.  The  reason 
is,  that  in  Europe  designers  have  al- 
ways sought  to  effect  greater  econ- 
omy in  the  use  of  materials  since 
they  and  not  the  labor  were  the  cost- 
ly items.  With  the  present  high  and 
still  advancing  prices  of  materials 
conditions  are  gradually  approxi- 
mating those  prevalent  in  Europe,  as 
American  engineers  are  very  keenlv 
realizing,  and  the  result  no  doubt 
will  be  the  use  of  what  have  here- 
tofore been  called  daring  designs. 

^.■\ssoc.  M.    .\m.  Soc.  C.  E.,  Chicago 
June,  1916 


The  main  objection  to  concrete  in 
long-span  construction  is  the  exces- 
sive dead  weight,  which,  where  tlie 
live  loads  to  be  carried  are  rela- 
tively small  (as  for  roofs),  becomes 
a  large  percentage  of  the  total 
weight  considered  as  acting.  Any 
method  of  reducing  the  dead  load  by 
omitting  concrete  wherever  possible 
is,  then,  a  step  in  the  right  direction. 
For  long-span  roof  construction  and 
for  framing  to  carry  skylights  over 
wide  courts  and  for  railway  station 
work,  the  concrete  truss  is  the  logical 
solution  where  fire-resisting  construc- 
tion of  the  best  type  is  desired  or 
required,  since  the  materials  are  so 
placed  as  to  give  the  greatest  carry- 
ing capvacity  for  the  minimum  amount 
of  dead  load. 

The  first  reinforced  concrete 
trusses  used  in  America  were  of  the 
Visintini  type  21'  long  and  were 
built  in  connection  with  the  Textile 
Machine  Works,  Reading,  Pa.,  in 
1904.  These  are  described  in  an- 
other place  in  this  article. 

In  Europe,  Vierendeel  trusses  (so 
named  from  the  inventor.  Prof.  Vie- 
rendeel) with  parallel  chords  have 
been  used  quite  frequently  in  both 
building  and  bridge  work.  These 
are  in  general  constructed  with  mem- 
bers all  of  the  same  cross-section 
and  with  square  panels  (same 
height  and  length),  although  in 
some  cases  broken  top  or  bot- 
tom chords  have  been  used  (Fig. 
12).  The  external  loads  are  con- 
sidered as  applied,  at  the  panel 
))oints.  These  are  statically  inde- 
terminate structures  and  the  analysis 
is  made  on  the  basis  of  the  elastic 
behavior  of  the  truss,  it  only  being 
necessary  to  determine  the  bending 
moments  since  the  compressive,  ten- 
sile and  shearing  stresses  are  depen- 
dent upon  them.  Trusses  of  this 
type  have  been  constructed  with 
spans  up  to  80'  (bridge),  but  this  is 
not  the  maximum  permissible,  ac- 
cording to  Vierendeel.  Trusses  of 
the  Visintini  type  are  'also  used  quite 
extensively  in  Europe.  These  con- 
sist of  trusses  with  parallel  chords 
divided  into  panels  by  vertical  mem- 
bers connected  by  single  diagonals 
for  long  spans  or  without  verticals 
for  comparatively  short  spans  (see 
Fig.    17).      The    stresses    in    these 


trusses  are  computed  in  the  same 
manner  as  for  the  ordinary  Pratt 
or  Warren  truss  of  steel.  Visintini 
trusses  of  105-ft.  span  (highway 
bridge)  have  been  constructed  in  Eu- 
rope, and  some  excellent  examples 
can  also  be  found  in  American  prac- 
tice. 

In  general  it  can  be  said  the  re- 
inforced concrete  roof  trusses  of 
other  than  the  most  simple  types  are 
uneconomical  as  compared  with 
structural  steel  or  wood,  but  if  a 
fireproof  construction  is  required  it 
will  be  found  that  for  ordinary 
spans  reinforced  concrete  trusses 
are  cheaper  than  structural  steel 
trusses  encased  in  concrete.  This  is 
true  because  of  the  more  economical 
arrangement  of  steel  permitted  by 
the  use  of  bar  reinforcement,  the 
difficulty  of  constructing  forms 
around  structural  steel  members  and 
the  greater  amount  of  concrete  re- 
quired to  encase  structural  steel  ten- 
sion members  as  compared  with  ten- 
sion rods  in  reinforced  concrete. 

The  above,  of  course,  would  not 
be  true  if  a  concrete  truss  of  the 
same  type  as  would  be  most  econom- 
ical for  structural  steel  were  used. 
Concrete  is  especially  adapted  for 
compression  members  and,  if  prop- 
erly reinforced,  a  truss  of  a  smaller 
number  of  panels  can  be  used  for 
the  reinforced  concrete  truss.  This 
cuts  down  on  the  amount  of  form- 
work  and  hence  on  cost.  The  use 
of  reinforced  concrete  trusses  with 
more  than  four  to  six  panels,  except 
for  Vierendeel  or  Visintini  trusses, 
should  not  be  encouraged,  for  with 
an  increase  in  number  of  panels  the 
weight  increases  very  rapidly.  The 
ordinary  two-panel  king-))ost,  three- 
panel  queen-rod  and  the  simple 
Pratt,  Fan  and  Fink  trusses  (Fig. 
13)  and  parallel  chord  Pratt  and 
Warren  trusses  (Fig.  14),  are  best 
adapted  for  reinforced  concrete  con- 
struction. 

The  T-beam  with  the  stem  rein- 
forced as  a  column  is  the  most  suit- 
able shape  to  employ  for  top  chord 
members  and  especially  so  where  the 
trusses  form  a  monitor  skylight,  this 
shape  giving  more  lateral  stiffness 
to  the  truss.  Where  king-post 
trusses  are  used  they  should  be  tied 
together  by  a  ridge  girder  into  which 
intermediate  lines  of  T-beam  rafters 
frame  (Fig.  la).  With  three-panel 
and  four-panel  trusses  longitudinal 
roof  girders  or  purlins  should  be 
used  to  support  the  roof  slab  di- 
rectly or.  if  such  slab  spans  are  very 
long,  rafter  beams  carrying  tlie  slab 
reinforced  at  right  angles  to  the  pur- 
lins, should  be  used  (Fig.  lb  and  c). 
Where  openings  occur  in  the  roof 
a  type  of  framing  should  be  used 
which  will  give  a  minimum   amount 
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of  concrete  for  the  portion  between 
trusses.  Then  also  the  roof  deck 
forms  should  be  as  simple  as  pos- 
sible, so  as  to  reduce  to  a  minimum 
the  number  of  supports  required, 
since  if  the  trusses  are  located  at  a 
considerable  height  above  the  floor 
directly  below,  as  in  a  craneway,  the 
cost  of  construction  will  be  greath^ 
influenced  by  the  amount  of  center- 
ing required.  Under  such  conditions 
if  the  spans  of  trusses  are  consider- 
able the  most  economical  construc- 
tion may  be  to  concrete  the  trusses 
in  place  (if  too  heavy  to  handle  as 
units)  and  erect  the  rafters  or  pur- 
lins and  slabs  as  pre-cast  units,  thus 
confining  the  centering  to  a  verv 
small  portion  of  the  work. 

The  following  descriptions  are  of 
American  designs  for  reinforced 
concrete  trusses  and  are  of  much  in- 
terest, since  they  indicate  the  rapid 
progress  made  in  the  art  in  a  little 
over   10  yrs. 

VISINTINI    TRUSSES,    TEXTILE    M.-iCHINE 
WORKS,   RE.\DING,    PA. 

As  previously  noted,  the  first  use 
made  of  Visintini  trusses  in  America 
was  in  the  construction  of  the  Tex- 
tile Machine  Works  plant  at  Read- 
ing, Pa.,  in  1904-5.  The  trusses, 
24'  long  and  spaced  12'  6"  o.  c, 
support  Visintini  beams  6"  deep 
placed  side  by  side  to  form  the 
floors  and  roofs.  The  beams  form- 
ing the  floors  were  designed  and 
computed  like  a  Warren  truss  with 


all  of  the  web  members  inclined  at 
45°,  half  of  them  being  in  tension 
and  the  other  half  in  compression. 

The  trusses  between  columns  25' 
I-I2"  o.  c.  have  verticals  and  single 
diagonals.  They  are  24'  long,  2' 
%"  deep  (for  floors),  12"  wide  and 
designed  as  Pratt  trusses  with  ten- 
sion diagonals  and  compression  ver- 
ticals, the  chords  being  434"  thick 
and  the  diagonals  and  verticals  2l/i" 
thick.  The  diagonals  are  inclined  at 
45°,  giving  panel  lengths  of  20". 
The  bars  in  the  diagonals  are  bent 
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at  the  ends  to  form  eyes  through 
which  the  chord  rods  pass.  The 
vertical  members,  being  in  compres- 
sion, are  of  plain  concrete.  The  de- 
tails of  these  trusses  are  shown  in 
Fig.  2. 

The  trusses,  weighing  about  3 
tons  each,  were  molded  on  the  floor 
directly  underneath  their  final  posi- 
tion in  the  work  and  when  properly 
seasoned  were  hoisted  into  place  by 
a  special  derrick  and  two  hoists. 

The  advantage  of  this  type  of  con- 
struction is  that  the  weight  and  the 
volume  of  concrete  required  are  ma- 
terially reduced  over  that  of  solid 
girders  of  the  same  span.  Then, 
too,  by  raolding  the  trusses  on  the 
ground  and  not  in  place,  the  cost  of 
forms  was  reduced  considerably. 

BOWSTRING  TRUSSES,  VERA  CRUZ 
STATION 

Concrete  bowstring  trusses  were 
used  to  support  the  concourse  roof 
of  the  Railway  Terminals  Station  at 
Vera  Cruz,  Mex.,  in  1910-11.  These 
trusses,  shown  in  Fig.  3,  have  a  span 
of  41'  and  are  spaced  21'  4"  o.  c. 
The  concrete  used  was  of  1 :2 :3  mix. 
The  thrust  of  the  top  chord  at  sup- 
ports is  taken  up  by  steel  shoes  an- 
chored to  the  bars  of  the  lower 
chord.  To  avoid  any  apparent  sag 
the  lower  chords  were  given  a  cam- 
ber of  2".  Skylights  in  the  roof  be- 
tween trusses  provide  for  ventilation 
and  additional  light.  The  surface 
of  all  truss  members  are  bush-ham- 
mered to  improve  the  appearance. 

The  bowstring  type  of  truss  with- 
out diagonals  was  decided  upon  in 
this  particular  case  because  of  the 
fact  that  the  panel  loads  were  prac- 
tically equal  and  also  because  this 
type  presents  a  more  pleasing  and 
lighter    appearance    than    slab    and 
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Fig.  2— Details  of  Visintini  Truss,  Textile  Machine  Works,  Reading,  Pa. 
Fig.  4 — Reinforced  Concrete  Fink  Truss,  Atlanta  Union  Station 
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Fig.  3 — Bows-niiXG  Tuissks,  Hy.  Tkhjiinai.  Station,  Vkra  Ciu'z,  Mkx. 


Fig.  S — Details  of  Concrete  Trusses, 
Power  Hoise,  Postex  Cotton  Co..  Post 
City,  Tex. 


beam  construction,  in  spite  of  the 
opposition  to  their  use  on  account  of 
expensive  formwork  and  difficulty  of 
exact  theoretical  analj'sis. 

CONCRETE    TRVSSES,    ATLANTA    TERMI- 
NAL   ST.\TION 

Perhaps  the  first  very  extensive 
use  of  reinforced  concrete  roof 
trusses  in  the  U.  S.  was  in  connec- 
tion with  the  construction  of  the  At- 
lanta Terminal  Station,  Atlanta, 
Ga.,  in  IC)04-5.  This  work  included, 
among-  many  other  interesting  fea- 
tures, four  simple  Fink  trusses  of 
56- ft.  i-in.  clear  span  and  IJ'-ft. 
rise,  five  of  29-ft.  4-in.  span  with 
7-ft.  9-in.  rise,  two  king-post  trusses 
of  29-ft.  4-in.  clear  span  and  five 
Vierendeel  trusses  of  varying  spans 
with  sloping  top  chords. 

The  long-span  trusses  over  the 
main  waiting  room  are  spaced  about 
20-ft.  6-in.  centers,  with  the  top 
chord  supporting  roof  purlins  at 
panel  points   and   half  way  between 
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same  (see  Fig.  l).  A  concrete  ceil- 
ing 2"  thick  is  carried  on  longitudi- 
nal beams  framing  into  trusses  5' 
above  the  bottom  of  the  bottom 
chord,  as  shown  in  the  accompany- 
ing detail. 

The  top  chord,  2'  deep  and  1' 
wide,  is  reinforced  with  eight  1  lo- 
in, round  bars  in  three  layers  and 
14-in.  hoop  stirrups  at  varying  spac- 
ings,  as  shown  in  Fig.  4.  At  the 
peak,  bars  lap  by  the  center  about 
4'  each  way  and  the  ends  are  wired 
to  corresponding  bars  in  the  other 
half.  The  diagonals  are  12"  x  12". 
those  in  tension  being  reinforced 
with  four  1%-in.  bars  and  ^/in  bind- 
ers 10"  o.  c,  the  rods  being  hooked 
around  transverse  bars  placed  be- 
tween the  main  reinforcement  of 
chords.  Four  3,4-in.  bars  with  %iy 
in.  binders  10"  o.  c.  compose  the 
reinforcement  of  the  compression 
diagonals. 

Eight  ll/2-'n-  bars  placed  in  three 


rows  comprise  the  reinforcement  to 
take  the  tension  in  the  lower  chord, 
which  is  1'  6"  X  1'  in  section.  At 
the  supports  the  bars  for  reinforc- 
ing chords  are  bent  so  as  to  extend 
I'or  some  distance  into  both  the  top 
.uid  tlie  bottom  chords,  where  they 
s|)lice  with  bars  of  the  same  size. 
Tlie  lower  chord  splices  are  made  by 
a  toggle-bar  2'  long,  into  which  the 
ends  of  bars  are  hooked  and  then 
tiglitly  wired.  To  distribute  the 
truss  reaction  on  walls  a  reinforced 
concrete  bearing  block  about  3'  6' 
X  3'  6"  and  10"  thick  was  placed 
under  the  ends.  Where  trusses 
framed  into  columns  the  connections 
were  bracketed  and  reinforced  with 
bent  bars  and  stirrups. 

The  Fink  trusses  of  29-ft.  4-in. 
clear  span  support  roof  purlins  at  the 
top  chord  panel  points  and  ceiling 
joists  at  the  sixth  points  of  lower 
chord.  Both  top  and  bottom  chords 
are  I6"  x  8"  in  section,  while  the 
diagonals  are  8"  x  8".  These  trusses 
are  reinforced  in  a  manner  similar  to 
those  just  described  except  that  the 
top  chord  reinforcement  is  so  arrang- 
ed over  the  supports  as  to  reinforce 
the  cantilevered  and  supporting  the 
projecting  eaves.  At  each  end  a  rein- 
forced concrete  bearing  block  13" 
wide  and  2'  long  distributes  the  truss 
loads  over  the  brick  walls. 

The  king-post  trusses  of  29-ft.  4- 
in.  span  used  to  support  the  roof  over 
the  wings  of  tlie  main  building  have 
a  center  height  of  about  6'  and  sup- 
port purlins  and  ceiling  joists  at  the 
quarter  points  and  center.  The  top 
chord  is  8"  wide  and  1'  4"  deep 
below  the  roof  slab,  which  is  4" 
thick  and  is  reinforced  with  two  1-in. 
bars  in  the  top  and  the  bottom  tied 
together  with  hooped  stirrups  at 
varying  spacings.  as  in  beams,  since 
the  member  was  designed  to  act  as 
a  beam  between  panel  points.  The 
vertical  tension  member  is  8"  x  8", 


Fig.  6 — Handling   Uxit^ilt  Tkisses, 
Postex  Cotton  Co.,  Po""  City,  Tex. 
Fig.    7 — Ehecting   U?*t-Bilt   Trusses, 
Postex  Cotton   Co., /ost  City,  Tex. 


CONCRETE 


Fig.  8 — Details  of  Queen-  Rod  'Pbusses,  Fultox  Co.  Coiiet  House,  Atlanta,  Ga. 


reinforced  with  four  %-in.  rods  tied 
with  yiQ-in.  hoops,  ends  of  bars  be- 
ing bent  out  into  chord  members  for 
anchorage. 

A  2l/2-in.  ceiling  slab  is  suspend- 
ed from  beams  framing  into  the  bot- 
tom chords,  which  are  l6"  deep  and 
8"  wide.  The  stress  is  taken  by 
five  1-in.  bars,  three  in  the  bottom 
and  two  in  the  top,  tied  together 
with  stirrups  and  carefully  anchored 
by  long  bends  into  the  top  chord. 
The  intersection  of  the  chords  at 
the  ends  is  heavily  reinforced  with 
stirrups  both  vertically  and  horizon- 
tally. 

The  Vierendeel  trusses  over  the 
midway  support  concrete  purlins, 
carrying  a  4-1n.  concrete  roof  slab, 
at  alternate  verticals,  the  purlins  be- 
ing spaced  7'  2"  o.  c.  At  the  mid- 
dle 12-in.  X  12-in.  verticals  are  used, 
while  at  ends  they  are  14"  x  12" 
in  section.  The  reinforcement  con- 
sists of  four  vertical  bars  of  vary- 
ing size,  depending  on  the  span, 
with  binders  every  6",  the  ends  of 
verticals  are  bent  at  45°  into  the 
chords  for  anchorage.  The  top 
chords  are  12"  x  20",  reinforced 
top  and  bottom.  The  bottom  chords, 
12"  X  16"  in  section,  are  reinforced 
with  bars  placed  in  three  layers  and 
bent  up  into  the  top  chord  at  the 
ends  of  the  trusses  for  anchorage. 

The  above  described  work  was  de- 
signed and  built  by  the  Ferro-Con- 
crete  Co.,  Baltimore.     The  drawing 


of  truss  is  from  Vol.  55,  Engineer- 
ing News. 

VIERENDEEL    TRUSSES,    BALTIMORE    GAS 
CO.    POWER    HOUSE 

The  roof  of  the  power  house  of 
the  Baltimore  Gas  Co.  is  supported 
by  Vierendeel  trusses  with  a  span  of 
44'  and  a  height  of  4'  at  the  center 
for  a  distance  of  two  panels,  from 
which  the  upper  chord  slopes  down 
both  ways  to  a  height  of  3'  3".  The 
trusses  are  divided  into  six  panels 
with  rectangular  openings  between 
chords,  except  in  the  two  end  panels. 
The  panel  openings  are  about  6' 
long  and  2'   3"  high. 

The  top  chord  is  l6"  wide  and 
12"  deep,  reinforced  with  three 
l^'^-in.  bars  in  the  top  and  two  1-in. 
bars  in  the  bottom,  tied  together 
with  hoops.  The  lower  or  tension 
chord  is  10"  x  10",  reinforced  with 
four  1-in.  bars  in  the  bottom  and 
two  ly^^-in.  bars  in  the  top  securely 
tied  with  hoops  at  a  fairly  close 
spacing.  The  verticals,  12"  x  10", 
are  reinforced  with  four  %-in.  bars 
tied  together  with  hoops  or  ties. 

CONCRETE    TRUSSES,    POWER    HOUSE, 
POSTEX     COTTON     CO. 

A  unique  design  of  Visintini  truss 
with  60°  diagonals  and  no  vertical 
members  is  exemplified  by  the  pre- 
cast trusses  built  to  carry  the  roof 
of  the  power  house  for  the  Postex 
Cotton  Co.,  Post  City,  Tex.,  in  1912. 
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Fig.  10 — Concrete  Trusses,  Ford  Motob 
Co.  Blog.,  Chicago 

The  building  is  143'  4"  long  and 
84'  wide,  divided  into  l6-ft.  bays 
longitudinally  and  spans  42'  long 
transversely   (see  Fig.  5). 

The  trusses  are  41'  long  over  all, 
with  a  total  height  of  4'  10",  sub- 
divided into  nine  panels  4'  4"  long, 
as  shown  in  Fig.  6.  The  top  chord 
is  of  an  inverted  T-shape  16"  deep 
and  15"  wide  at  the  bottom  and  at 
the  top,  to  afford  seats  for  the  "in- 
verted box"  roof  slab  units.  This 
chord  is  reinforced  as  a  compression 
member,  as  shown  in  Fig.  5,  the 
longitudinal  bars  being  tied  together 
with  looped  ties.  The  bottom  or  ten- 
sion chord,  8"  wide  and  10"  deep,  is 
reinforced  with  l/^"'**.  bars  bent  up 
at  intervals  where  they  are  no  longer 
required  to  care  for  the  tensile 
stresses  in  the  chord,  into  the  diag- 
onals   (which    slope   away    from   the 


Fig.  9— Details  oi  Kisg-Post  Trusses,  Fuxtox  Co.  Court  House,  Atlaxta,  Ga. 


Fig.  11 — Details  of  Concrete  Trusses, 
Ford  Motor  Co.  Bldg.,  Chicago 

supports)  and  anchored  in  the  top 
chord,  as  indicated  in  the  details. 
All  bars  in  these  members  are  tied 
together  with  hoops.  The  compres- 
sion members  are  all  reinforced  as 
columns  with  rods  well  anchored  in 
top  and  bottom  chords,  and  stayed 
with  hoops.  All  diagonals  are  8" 
X  8"  in  cross-section  except  the  two 
compression  diagonals  at  each  end, 
which  are  8"  wide  and  10"  thick. 

The  trusses  were  designed  for  a 
live  load  of  25  lbs.  per  sq.  ft.  on 
the  roof,  the  dead  load  of  trasses, 
15,780  lbs.,  and  the  dead  load  of 
roof  deck,  which  amounts  to  about 
50  lbs.  per  sq.  ft.  The  unit  stresses 
used  in  design  were  20,000  lbs.  per 
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sq.  in.  tension  in  steel  and  600  lbs. 
•per  sq.  in.  compression  in  concrete. 
These  trusses,  Iff  in  number,  were 
■cast  in  a  central  yard  and  after 
properly  curing  were  loaded  on  flat 
■cars  by  means  of  a  locomotive 
-crane  (Fig.  6)  hauled  to  the  build- 
ing and  erected  in  place  on  columns 
previously  set  by  means  of  a  stifF- 
leg  derricic  and  tiie  locomotive  crane, 
as  shown  in  Fig.  7.  The  roof  slab 
units  were  then  placed  on  the  ledges 
•on  top  chords  of  trusses  so  arranged 
as  to  have  the  top  of  slabs  3"  above 
the  top  of  trusses.  The  space  be- 
tween ends  of  the  slab  units  and  the 
■top  chord  of  trusses  was  then  filled 
with  the  grout.  This  particular  de- 
rail is  covered  by  patents  owned  by 
■the  Unit  Construction  Co.,  St.  Louis, 
which  executed  the  work ;  the  truss, 
•however,  is  not  patented. 

TRUSSES    IN     ATLANTA,    GA., 
COURTHOUSE 

In  the  construction  of  the  Fulton 
'County  Court  House  at  Atlanta, 
"Ga.,  built  in  tQH-lS,  concrete  roof 
■trusses  were  used  to  a  considerable 
•extent  to  support  portions  of  the 
roof  where  columns  were  omitted 
•and  the  outer  edge  was  sloped  to 
•conform  to  the  architectural  motif. 
These  trusses  support  tiie  roof  and 
"the  ninth  floor  ceiling  and  are  placed 
16'  o.  c. 

One  of  the  main  trusses  of  the 
•double  queen-rod  type  with  a  span 
■of  48'  is  shown  in  the  accompany- 
ing detail  (Fig.  8).  It  will  be  noted 
that  chord  members  are  Si"  x  14" 
in  section,  the  top  chord  being  rein- 
forced with  four  1-in.  x  1-in.  bars  in 
•the  top  and  the  bottom,  tied  together 
by  %-in.  rectangular  ties  at  12-in. 
spacing,  while  the  bottom  chord  has 
■six  1^/4-in.  X  ll/4-in.  bars  at  the  top 
and  the  bottom,  tied  together  in  a 
similar  manner.  The  bars  in  the 
tension  chord  are  hooked  at  the  ends 
to  give  a  secure  anchorage.  The 
■chords  are  connected  at  the  ends  by 
a  heavy  fillet  with  six  rows  of  %-in. 
■X  %-in.  U-stirrups  placed  diagon- 
ally in  pairs  to  take  care  of  the 
horizontal  and  the  vertical  shear. 
The  verticals,  16"  x  14"  in  section, 
are  reinforced  with  eight  %-in.  x 
%-in.  bars  hooked  around  the  top 
and  the  bottom  chord  reinforcement 
and  tied  together  with  %-in.  hoops 
at  12-in.  spacing.  The  individual 
trusses  are  connected  and  braced  by 
transverse  beams  supporting  the  roof 
slab  and  the  suspended  ceiling  of 
■the  ninth  story  level  with  the  bottom 
x;hords. 

In  another  part  of  the  building 
two  king-post  trusses  of  34'  7" 
clear  span  and  a  rise  of  14'  S^/o" 
■were  used.     These  were  spaced  16' 
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o.  c.  The  details  of  reinforcement 
and  end  framing  are  similar  to  those 
of  the  larger  trusses  and  are  clearly 
shown  in  the  accompanying  Fig.  9. 

In  constructing,  the  bottom  chords 
of  the  trusses  and  the  ceiling  con- 
struction they  support  were  first 
poured  with  dovetail  construction 
joints  formed  at  the  ends,  where  the 
fillets  join  the  top  and  the  bottom 
chords,  to  aid  in  taking  the  thrust 
from  the  top  chords. 

The  trusses  were  designed  for  a 
total  live  load  of  50  lbs.  per  sq.  ft. 
of  roof  and  60  lbs.  per  sq.  ft.  of 
ceiling,  the  total  dead  load  of  roof 
construction  in  accordance  with  the 
Joint  Committee  recommendations  as 
to  unit  stresses.  The  trusses  were 
planned  so  that  the  dead  load  would 
he  as  nearly  as  possible  the  same  on 
both  ends.  The  top  and  the  bottom 
chord  members  were  designed  for 
both  bending  and  direct  stresses ;  the 
former,  however,  were  comparatively 
small  on  account  of  the  favorable 
arrangement  of  transverse  beams. 

The  concrete  roof  construction 
was  selected  in  preference  to  a  steel 
frame,  because  of  the  irregularities 
of  the  roof,  and  the  difficulty  and 
expense  of  fireproofing  it.  Compara- 
tive bids  on  a  structural  steel  build- 
ing fireproofed  with  hollow  tile  block 
were  $85,000  higher  than  for  the 
reinforced  concrete  design,  much  of 
this  diff'erence  no  doubt  being  occa- 
sioned by  the  roof  construction. 

These  trusses  were  designed  by 
Wm.  C.  Spiker,  C.  E.,  Atlanta,  Ga., 
to  whom  the  writer  is  indebted  for 
plans  and  data.  Mr.  Spiker  has  ex- 
amined these  trusses  several  times 
and  reports  that  they  show  no  signs 
of  cracks  in  any  parts. 

TRUSSES    IN    FORD    MOTOR    CO.,    SERVICE 
BUILDINGS 

Reinforced  concrete  trusses  were 
used  in  the  Chicago  Service  Build- 
ing of  the  Ford  Motor  Co.  (1913) 
to  support  the  skylights  over  the  in- 
terior craneway  and  the  shipping 
court  (see  Fig.  10).  The  object  of 
this  court  was  to  facilitate  the  han- 
dling and  transfer  of  automobile 
parts  and  assembled  cars  from  one 
floor  to  another  or  to  the  shipping 
platform  by  means  of  a  traveling 
bridge  crane. 

The  building,  234'  x  164'  in  plan 
and  six  stories  high,  is  of  the  Akme 
System  of  flat  slab  construction, 
with  the  shipping  court  34'  wide  and 
205'  long  in  the  middle  of  the  build- 
ing, extending  from  the  second  floor 
to  the  roof.  At  the  roof  line  is  a 
craneway  of  reinforced  concrete 
girders  of  28-ft.  span  designed  for  a 
5-ton  crane,  covered  by  the  monitor 
skylight  of  concrete  truss  construc- 


tion. Below  the  crane  girders  are 
flat-slab  balconies  projecting  oat 
into  the  court  from  the  various 
floors  to  receive  freight  and  auto- 
mobile parts  picked  up  by  the  travel- 
ing crane  at  the  second  floor  level, 
which  in  the  court  serves  as  a  shii>- 
ping  and  loading  platform.  The 
switch  track  enters  the  building  on 
a  through  girder  structure  of  rein- 
forced concrete  depressed  4'  below 
second  floor  level. 

As  a  preliminary  study  as  to  the 
most  economical  design  for  tlie  con- 
ditions to  be  met,  general  designs 
were  made  by  the  engineers'^  for  (1) 
a  monitor  framing,  consisting  of  re- 
inforced concrete  trusses  carried  on 
concrete  side  walls  and  (2)  for  steel 
trusses  fireproofed  with  tile  or  con- 
crete. Comparative  estimates  by  the 
contractor  showed  the  scheme  of  re- 
inforced concrete  construction  to  be 
the  cheaper,  notwithstanding  the  fact 
that  the  location  made  the  problem 
of  supporting  the  forms  a  difficult 
one. 

The  monitor  framing  consists  of 
eight  reinforced  concrete  king-post 
trusses  with  a  clear  span  of  35'  6", 
spaced  28'  o.  c.  on  reinforced  con- 
crete side  walls  and  connected  at  the 
top  by  a  continuous  ridge  girder 
supporting  pairs  of  reinforced  con- 
crete rafters  equally  dividing  the 
space  between  trusses. 

The  top  chords  of  the  trusses  are 
of  a  T-section,  web  18"  deep  and 
12"  thick,  with  a  flange  3'  wide  and 
6"  thick.  The  main  reinforcement 
consists  of  four  1-in.  bars,  two  in 
the  top  and  two  in  the  bottom,  tied 
together  with  14-in.  ties  1'  o.  c.  The 
T  is  reinforced  transversely  by  %-in. 
X  %-in.  bars  18"  o.  c.  in  the  top. 
The  bottom  chord,  12"  x  16"  in 
cross-section,  is  reinforced  with  six 
yg-in.  mild  steel  bars  anchored  to 
end  bearing  plates  to  take  the  en- 
tire tension.  These  bars  are  tied 
together  by  ^,4"''i-  ti^s  12"  o.  c.  At 
the  connection  of  top  and  bottom 
chords  is  a  heavy  fillet  reinforced 
with  %-in.  X  %-in.  stirrups,  to  pro- 
vide for  the  end  shear.  The  trusses 
are  anchored  to  reinforced  concrete 
piers  9"  thick  x  3'  wide  between 
windows  at  the  sides  of  the  monitor. 
The  hanger  at  the  center  of  the  truss 
is  12"  X  12",  reinforced  witli  six 
%-in.  X  %-in.  bars  hooked  .around 
the  lower  layer  of  steel  in  the  bottom 
chord,  and  looped  over  the  tc^  bars 
in  the  ridge  girder  framing  ftito  the 
truss.  The  ridge  girder  cfTHnecting 
the  trusses  is  3'  deep  and/ 12"  wide 
with  wings  2'  wide  on  eaAi  side  fol- 
lowing the  slope  of  th^roof.  The 
reinforcement  consists/  of  straight 
bars  in  the  top  and  thfe  bottom,  with 
'Condron  Co.,  StructurayEngrs.,  Chicago 
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Fig.  12— Detail  of  "\'ieri: xdkei.  Truss,  Hebrew  Synagogde,  Posen,  Germany 


stirrups  at  the  ends  designed  to  take 
all  shear  in  excess  of  -lO  lbs.  per 
sq.  in.  Rafters  framing  into  the 
ridge  girder  at  third  points  between 
trusses  are  15"  deep,  10"  wide  and 
have  a  flange  18"  wide  x  6"  deep. 
The  lower  ends  of  rafters  frame  into 
the  18"  wide  x  9-in.  piers  of  side 
walls  between  windows  wliieh  are  3' 
2"  high  and  7'  l"  long  directly  be- 
low skj'lights  in  roof.  The  details 
of  trusses  and  monitor  framing  are 
shown  in   Fig.    11. 

The  concrete  rafters  divide  the 
monitor  roof  into  three  spaces  7'  4" 
X  16'  II"  long  between  trusses  upon 
which  the  skylights  are  placed.  A 
concrete  curb  3"  x  3"  was  placed 
on  trusses  and  rafters  around  all 
openings  to  allow  proper  flashing 
over  skylight  frames. 

The  truss  at  the  south  end  of  the 
building  is  provided  with  stub  bars 
and  shelf  angles  at  the  ridge  to  give 
support  for  future  ridge  girders. 
At  present  these  are  covered  with 
cinder  concrete  which  can  readily  be 
removed  when  the  building  is  ex- 
tended. 

Unit  Loads  and  Stresses  —  The 
trusses    and   other    monitor    framing 


were  designed  for  a  live  load  of  30 
lbs.  per  sq.  ft.  of  monitor  surface. 
All  concrete  used  was  of  a  1 :2  :-l 
mixture,  with  crushed  gravel  as 
coarse  aggregate.  The  reinforcing 
bars,  except  for  those  in  the  bottom 
chord  tension  member  of  the  trusses, 
were  cold  twisted  square  bars,  while 
plain  rounds  of  medium  steel  were 
used  in  the  bottom  chord  members. 
The  allowable  tension  in  these  latter 
bars  was  16,000  lbs,  per  sq.  in., 
while  18,000  lbs.  was  allowed  for 
the  others.  For  direct  compression 
in  top  chord  of  the  truss  combined 
with  compression  due  to  bending  a 
maximum  of  700  lbs.  per  sq.  in. 
compression  was  allowed  on  the  ex- 
treme fiber. 

Construction  of  Monitor  —  The 
forms  for  all  parts  of  the  monitor, 
including  side  walls,  trusses,  rafters 
and  ridge  girders,  were  completed 
and  all  reinforcement  fabricated  and 
properly  placed  before  any  concrete 
was  poured.  The  forms  for  the 
trusses  and  the  rafters  were  support- 
upon  wooden  beams  spanning  be- 
tween crane  girders  and  braced  by 
diagonal  shoring  from  the  sixtli 
floor.     Concrete  work  was  carried  on 


CcJpi/rCN-RoD  Tb.ss  (Os.mple  Pjsatt Truss 

Fig.  13— Diagrams  of  "A,"  King-Post,  Queen  Rod.  Fink,  Fan  and  Pratt  Trusses 

Fig.  14 — Diagka.hs  of  Parallel  Chord   Pratt  and  AVarken  Trusses 
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continuously,  the  sloping  top  chords 
of  trusses  and  the  rafters  being  rua 
in  closed  forms,  the  top  lagging  be- 
ing put  in  place  as  filling  proceeded. 
An  attempt  was  made  to  fill  these 
forms  through  a  hole  in  the  peak, 
but  they  did  not  fill  satisfactorily 
on  account  of  the  large  amount  of 
web  reinforcing  and  the  method  just 
described  was  used  instead.  By  us- 
ing a  sloppy  mix  and  spading  the 
concrete  well  when  placing  in  the 
forms,  an  excellent  finish  was  ob- 
taind  on  all  parts  of  the  monitor 
framing. 

Trusses  of  about  the  same  span 
and  of  similar  design  were  used  ta 
span  the  craneways  of  the  Indian- 
apolis, the  Atlanta  and  the  Cleve- 
land building,  of  the  Ford  Motor 
Co.  In  constructing  the  trusses  in 
the  two  former  the  formwork  was 
supported  on  wooden  latticed  trusses, 
placed  quite  close  together  and  span- 
ning the  craneway  at  the  level  of 
the  top  of  the  crane  girders.  No 
top  forms  were  used  on  the  top- 
chord  beam  boxes,  the  concrete  be- 
ing of  a  comparatively  dry  mix 
tamped  in  place  and  the  top  surface 
finished  off  as   the  work   proceeded. 

EUROPEAN    EXAMPLES    OF    CONCRETE 
TRUSSES 

In  Europe  concrete  trusses  are 
used  quite  extensively,  but  the  com- 
mon practice  differs  quite  radically 
from  the  American  in  that  trusses 
of  the  Vierendeel  and  Visintini 
types  are  used  oftener  than  those  of 
the  forms  commonh^  used  for  wood 
and  steel  construction.  This  is  n& 
doubt  due  to  the  fact  tliat  European 
engineers  have  given  the  matte*  of 
stresses  in  statically  indeterminate 
structures  much  more  attention  than 
American  engineers,  who  have  for 
the  most  part  been  reluctant  to  use 
concrete  structures  other  than  those 
which  are  statically  determinate. 
The  present-day  tendencies  are  to- 
ward the  use  of  more  complex  types 
of  concrete  construction  and  the  time 
is  probably  not  far  distant  when  the 
American  engineer  will  not  hesitate 
to  design  structures  which  now  seem 
entirely  too  complicated  and  daring. 
The  writer's  intention  in  giving 
descriptions  of  European  trusses  is 
to  illustrate  typical  examples  of  dif- 
ferent kinds  rather  than  give  an  ex- 
tensive resume  of  the  great  number 
which  have  been  built. 

VIERENDEEL  TRUSSES,  POWER  STATION, 

so.    HOLLAND    ELECTRIC     RV.    CO., 

THE    HAGUE,    HOLLAND 

Eight-panel  Vierendeel  trusses  of 
58'  7"  clear  span  carried  on  con- 
crete columns  were  used  to  support 
the  roof  slab  of  the  power  station  of 
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the  So.  Holland  Electric  Ry.  Co.  at 
The  Hague,  built  in  1902.  The 
trusses  are  '1'  II/2"  liigii  over  the 
two  center  panels  and  then  pitch 
■down  toward  each  support  on  a 
slope  of  1 :20.  All  members  are 
14"  X  ll"  in  cross-section,  heavily 
reinforced  with  bars  and  hoops  or 
ties.  The  verticals  arc  spaced  6' 
apart  and  arc  connected  to  the 
chords  by  heavy  fillets. 

TIirSSKS    IN    ABATTOIR    AT   DRESDEN, 
GERMANY 

The  connecting  hall  of  the  Dres- 
den   abattoir    is    a    building   65'    7" 
"wide,   with   tlie   pitched   roof  carried 
on  concrete  trusses  spanning  between 
side  walls   and   spaced    16'   5"  o.  c. 
The  roof  slab  is  reinforced  to  span 
between    purlins    which    frame    into 
the   top   chord   of   trusses   at  panel 
points  8'  IV2"  apart.     The  trusses, 
S6  in  number,  have  a  center  height 
of  8'  7",  with  the  top  chords  sloped 
so  as  to  give  a   depth   of  4'    iVi"-" 
They    are    a    modification    of    the 
Visintini  type   in  that  the   compres- 
sion members  instead   of  being  ver- 
tical are  inclined  slightly  toward  the 
supports.     The  panel  at  each  end  is 
made    solid    to    aid    in    resisting   the 
shearing  stresses,  which  are  a  maxi- 
mum at  those  points.     The  top  chord 
is    I8I0"    deep   x    16"    wide.      The 
compression  diagonals  have  a  cross- 
section  of  10"  X  14",  with  reinforc- 
'ing  bars  in  each  corner  tied  together 
■with   hoops   and   well    anchored   into 
the   chords.      The   tension   diagonals 
are   6"   x    14"   in   section,  with   bars 
•anchored  into  chords,  and  are  with- 
out hooping.     The  reinforcement  of 
both  the  upper  and  the  lower  chords 
is  tied  together  with  hoops   and  the 
ends  of  the  bars  are  anchored  over 
supports  by  hooking  and  bending  up 
the    ends.      The    members    were    de- 
signed so   that  the   stresses   in  steel 
•did  not  exceed  14,200  lbs.  per  sq.  in. 
(1,000  kg.  per  cm").     The  maximum 
chord    stress    for    dead    load,    snow, 
"wind    and    load    from    monorail    at- 
tached   to    the    lower    chord    on    one 
side   amounted  to   220,500  lbs.     Al- 
though   unsymmetrically    loaded    on 
account  of  the  monorail  the  trusses 
"were    built    symmetrically    with    re- 
■spect  to  the  center  line  for  appear- 
ance's sake. 

TRUSSES  IN  THE   CATHOLIC   CHURCH  OF 
THE    GARRISON    AT    KIEL,    GERMANY 

A  most  interesting  type  of  con- 
crete truss  was  used  in  the  construc- 
tion of  the  Garrison  Catholic  church 
at  Kiel.  The  trusses,  two  in  num- 
ber,   have    a    clear   span    of   72'    2" 


« •SSj3aces_(i6'0';=30.'o 


Fic.  15 — Warren  Truss  ix  Reixforckd 
CoxcHETE,  DE^^sEn  BY  R.  T.  Baoby 

(22m.)  and  are  of  what  is  commonlv 
known  as  the  French  or  Polonceau 
type  of  truss,  which  is  similar  to  the 
Fink  truss,  except  that  the  bottom 
chord  at  the  intermediate  panel 
points  is  raised  considerably  above 
the  level  of  the  supports,  in  this  case 
7'  3"  (2.2m).  The  trusses  have  a 
height  of  22'  11 1/^"  (7m)  between 
centers  of  members.  The  top  chord 
is  1'  8"  deep  and  16"  wide  and  the 
lower  chord  6"  deep  and  ifi"  wide. 
The  compression  diagonals  have  the 
same  section  as  the  lower  chord, 
while  the  tension  diagonals  are  only 
6"  X  6". 

The  reinforcement  of  all  members 
is  tied  together  with  hoops  and  well 
anchored  at  all  intersections  bv  gen- 
erous bends  and  hooks.  The  diag- 
onals are  connected  to  chords  by 
large  fillets  reinforced  with  hoops 
placed  parallel  to  the  edges.  The 
trusses  were  designed  for  dead  load 
plus  a  wind  load  of  30  lbs.  per  sq. 
ft.  (150  kg.  per  m")  on  the  sloping 
roof  surface.^ 

VIERENDEEL    TRUSSES,    HEBREW    SYN.\- 
GOGUE,    POSEN,    GERMANY* 

In  the  reconstruction  of  the  Syna- 
gogue of  the  Hebrew  Brotherhood 
of  Posen,  Germany,  in  1912,  rein- 
forced concrete  trusses  of  a  very  in- 
teresting design  were  used  to  carry 
the  roof  construction  and  the  sus- 
pended galleries.  These  trusses, 
four  in  number,  of  the  Vierendeel 
type,  with  the  top  chord  broken  at 
panel  points  to  conform  to  the  out- 
line of  roof  surface,  have  a  clear 
span  of  48'  4"  and  a  rise  of  7'  9" 
and  are  spaced  21'  6"  o.  c.  Each 
truss  is  divided  into  eight  panels  of 
about  6'  each  bv  vertical   members 
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'The  data  on  the  two  last  described  instal- 
lations were  taken  from  Uandbuch  filr  Eisen- 
betonbau 

'Abstracted  from  Beton  u.  Eisen,  Jan.  8, 
1914 
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16"  x  12"  in  section  at  the  middle 
with  heavy  filleted  connections  to  the 
chords.  The  two  end  panels  were 
made  solid  and  a  part  of  the  fillets 
formed  at  the  ends  to  give  adequate 
section  to  resist  the  end  shear.  To 
reduce  the  unit  bearing  on  the  old 
walls  to  an  amount  considered  safe, 
especially  constructed  bearing  blocks 
12"  wide  and  3'  5"  long  were 
formed  at  the  truss  ends. 

Details  of  reinforcement  are 
shown  in  Fig.  12.  It  should  be  not- 
ed that  the  reinforcement  for  each 
member  is  bound  together  with 
hoops  and  that  all  bars  are  securely 
anchored  into  the  intersecting  mem- 
bers. The  roof  slab,  3 14"  thick,  is 
supported  on  longitudinal  beams 
framing  into  the  upper  chords  of 
trusses  at  panel  points.  The  ceiling 
slab  is  6"  thick  and  is  carried  on 
the  lower  side  of  beams  framing  into 
the  lower  chords  at  panel  points. 

Concrete  trusses  were  given  pre- 
ference in  this  particular  case  over 
those  of  steel  because  of  the  added 
safety  provided  by  the  former  in 
case  of  fire  with  no  appreciable  dif- 
ference in  cost  or  rapidity  of  erec- 
tion. The  trusses  were  designed  in 
accordance  with  the  methods  evolved 
by  Podolsky.  The  stresses  for  com- 
bined flexure  and  direct  stress  are 
a  maximum  in  the  end  panel  where 
the  total  stress  in  both  upper  and 
lower  chords  is  366,000  lbs.  The 
upper  chord  contains  310  sq.  in.  of 
concrete  and  6.1  sq.  in.  of  steel,  so 
that  the  unit  compressive  stresses  are 
500  lbs.  per  sq.  in.  in  <?oncrete  and 
7,526  lbs.  per  sq.  in.  in  the  steel. 
The  lower  or  tension  /ihord  contains 
about  14.25  sq.  in.  6i  steel,  which 
is  stressed  to  14,13y  lbs.  per  sq.  in. 
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Fig.  1 — Plans  and  Elevations  of  Low  Cost  Industrial  House 

Low  Cost  Houses  For  Industrial 
Operatives 

By  C.  D.  Gilbert 


The  problem  of  housing  employees 
at  industrial  operations  remote  from 
large  towns  where  large  numbers  of 
foreign  laborers  are  employed  is  one 
that  has  been  given  much  attention 
during  recent  years. 

The  house  here  described  was  de- 
signed by  the  author  for  a  large  coal 
mining  company;  it  was  intended  to 
build  a  group  of  these  houses,  pro- 
vided that  concrete  could  be  used 
economically.  Investigation  proved 
that  in  this  instance,  owing  to  the 
great  distance  which  concrete  mate- 
rials must  be  transported,  the  con- 
crete house  was  uneconomical  as  com- 
pared with  other  types  but  where 
concrete  materials  are  available  at 
reasonable  cost  it  is  believed  that 
unusually  comfortable  and  low-cost 
buildings  can  be  constructed  along 
the  lines  indicated.  It  is  obvious 
that  the  imethods  described  could  be 
adapted  to  other  floor  plans  provid- 
ing all  the  buildings  are  to  be  alike. 


Inspection  of  the  plans  will  show 
that  the  houses  consist  of  four  rooms, 
the  living  roon,  kitchen  with  stair- 
way, and  two  Bedrooms  on  the  sec- 
ond   floor.      Prevision    is    made    for 


electric  lights  and  water  is  to  be 
brought  into  the  house.  Careful 
consideration  has  been  given  to  hav- 
ing the  buildings  perfectly  insulated 
and  models  of  sanitation.  The  con- 
crete construction  and  the  almost  en- 
tire absence  of  trim  will  enable  them 
to  withstand  the  abuse  to  which 
houses  of  this  character  are  sub- 
jected. They  can  be  flushed  out 
with  a  hose  and  thoroughly  cleaned 
when  necessary,  without  damage  to 
any  part  of  the  structure.  Serious 
fire  would  be  impossible. 

An  arched  roof  is  used  which  pro- 
vides ventilated  air  space  over  the 
bedrooms  and  makes  them  comforta- 
ble in  all  seasons.  This  type  of  roof 
presents  a  better  appearance  than  the 
steep  pitched  roof  generally  used  on 
wood  houses  of  this  character.  It  is 
very  simple  to  construct  and  no  up- 
keep should  be  necessary. 

CONSTRUCTION 

The  house  is  designed  to  rest 
upon  poured  concrete  footings  or 
trench  walls.  The  floors  are  to  be 
of  reinforced  concrete  beam  and  slab 
construction  and  an  air  space  is  pro- 
vided under  the  lower  floor.  The 
walls  of  the  building  are  double  and 


designed  to  be  constructed  with  a 
hollow  wall  machine^  although  where 
it  seems  de-sirable  double  block  con- 
struction can  be  used.  Floors  are 
designed  to  be  cast  by  means  of  a. 
series  of  unit  cells  or  forms  in  the 
shape  of  inverted  boxes  supported  on 
planks  which  form  the  beam  bottoms. 
This  construction  is  clearly  shown  at 
Fig.  2.  Two  sets  of  forms  should  be 
provided,  one  for  each  floor.  The 
roof  form  consists  of  five  sets  of 
rafter  forms,  two  sets  of  end  cornice 
forms  and  two  sets  of  forms  for  the 
cornice  at  the  sides  of  the  building. 
These  side  forms  are  supported  by 
the  walls  and  by  the  staging  as  il- 
lustrated at  Fig.  2.  The  projection 
of  the  side  cornice  forms  gives  a 
bearing  for  the  end  forms  which  can 
be  bolted  against  the  concrete  wall. 
The  rafter  forms  act  as  trusses  and 
support  light  curved  panels  on  which 
the  roof  slab  is  poured.  Cornice, 
rafter  and  roof  slab  should  be  pour- 
ed as  a  monolith.  The  porch  wall* 
can  be  of  the  same  construction  as 
the  house  walls,  and  the  floor  slabs 
reinforced  or  placed  on  fill.  Unit 
forms  would  be  made  for  construct- 
ing the  porches.  The  porch  railing 
could  probably  be  best  worked  out  as 
a  pre-cast  slab.  If  a  considerable 
number  of  houses  are  to  be  erected 
it  would  be  desirable  to  construct  two- 
sets   of   floor    and   roof    forms ;    this- 
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Fig.  2 — Form  and  Reinforcing  Dlagram 


June,  1916- 
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would  enable  these  forms  to  be  re- 
inovcil  as  fast  as  tlic  concrete  walls 
could  he  built  with  a  machine.  The 
surfaces  left  by  the  wall  machines  are 
rough  and  form  a  perfect  key  for 
plaster.  No  attempt  would  be  made 
to  have  the  structural  walls  water- 
proof but  the  walls  would  be  given 
a  heavy  coat  of  stucco  which  would 
waterproof  them  for  all  practical 
purposes.  The  air  space  would  pro- 
vide exceptionally  good  insulation. 

The  interior  walls  would  be  finish- 
ed one  coat  with  a  cement  mortar 
continuously  with  the  toi)  surface  of 
the  floor.  These  walls  could  be  given 
a  coating  of  cement  paint  if  desira- 
ble but  this  has  not  been  figured  in 
the  estimate. 

ESTIM.VTE    OF    COST 
EXCAVATION 

Excavation    (trencli)    10    eii.  yds. 

FOUNDATION 

9.77  cu.  yds.  concrete,  12-in.  wall 
below  (crade    10    cu.  yds. 

ESTIMATED    QUANTITIES    OF    CONCRETE 

OrTFR    WALI-S 

1.71(1  sq.  ft.  8in.  wall+55  sq.   ft. 
for  gablcji    44    cu.  yds. 

PARTITIONS 

Cross  wall    14'  x   .1.5'...   S.I  cu.  ft. 
Partition   14'  x  17' 79  cu.  ft. 

112  cu.  ft. 

1  piers  in  cellar 7  cu.  ft. 

Stair  partitions  IS'  x  17'  dScu.  ft. 

Total    I87cu.ft. 

or    7.0  cu.  yds. 

PI.OORS 

«  floors   7.5  cu.  yds. 

Beams    1.5  cu.  yds. 

HOOF 

Slab  20.5'  X  30'=«15  sq.  ft 8.0  cu.  yds. 

PORCHES,    ETC. 

Front  porch  foundation 4.0  cu.  yds. 

Porch  floor  1.0  " 

Steps    1 .0  " 

Column    and    beams,    porch    col- 
umns, beams  and   roof 2.0  " 

Balusters 5  " 

Stairs   1.0 

Rear  porch,    %    of  front 6.0  " 

Chimney    1 .0  " 

Total    yardaae    94.5  cu.  yds. 

Concrete,  rough.   100  yds.   @   $2.40 $240.00 

Inside  plaster    (one  coat),  312  yds.   @ 

20  cts '. 62.40 

Outside   plaster    40.00 

Reinforcinff,   as  per  plan^ 60.00 

Labor  and   mixer I6fi.0O 

Window   and   door  frames  and  sash..     40. on 

Outside   doors    8.00 

Inside  doors   15.00 

Flue  lining   4.00 

Wiring    12.00 

Stairs  20.00 

Painting   10.00 

Total  cost  of  house $677.40 

DETAILED    I.APOR    ESTIMATES    FOR    T>V0    BOUSES 

14  das.  operator  O    $4.00 $  56.00 

14  das.   4  laborers   (ffl    $9.00 112.00 

Labor  for  setting  forms  for  floors  and 

setting   floors    150.00 

14  das.  for  mixer  @  $1.00 14.00 

$332.00 
Labor  cost  per  house $166.00 

MFJIIO 

No  allowance  for  staging  lumber. 

No  allowance  for  floor  and  roof  forms  (which 

will  cost  about  $150  to  $200),  to  be  divided 

among  the  houses  built. 
No   allowance   for   investment   in   the   Hollow 

Wall  Machine. 
No  charge  for  superintendence. 
Walls   were    figured    solid,    estimated    on   the 

basis  of  100  yds..  4  yds.  in  excess  of  actual 

figures,  nothing  deducted  for  openings. 

^This  figure  based  on  normal  steel  prices 
June,  1916 
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Fio.  3 — Details  of  Tbim 


Concrete  material   costs,   based  on  sand 

and  gravel  per  cu.  yd $1 .00 

Cement  per  bbl 1.40 


INTERIOR  TRIM 

Inspection  of  the  details  will  show- 
that  woodwork  has  been  reduced  to 
a  minimum.  Partitions  could  be  of 
frame  construction  but  preferably  of 
concrete  poured  in  unit  forms  or  laid 
up  of  special  block.  The  wood  trim 
would  consist  merely  of  a  quarter- 
round  attached  to  the  wood  frame  or 
even  better  a  quarter-round  metal 
trim-  which  is  now  obtainable. 

Window  frames  are  equally  simple 
and  no  balances  are  provided  for.  If 
found  desirable  it  would  probably  be 
more  satisfactory  and  economical  to 
use  a  spring  balance  than  weights. 

Reinforcing  for  the  floors  and  roof 
is  well  shown  at  Fig.  3.  The  walls 
would  be  reinforced  with  l/o-in.  rods 
in  the  wall  below  and  above  window 
openings,  these  rods  being  carried 
entirely  around  the  wall.  No  verti- 
cal reinforcing  would  be  required. 
One-inch  round  rods  are  provided  to 
take  the  thrust  at  each  pair  of 
rafters.  These  rods  are  tied  to  the 
center  of  the  roof  to  prevent  sag- 
ging and  to  them  some  type  of  ribbed 
expanded  metal  is  wired  and  plaster- 
ed, forming  a  suspended  ceiling. 

^Carter  Sheet  Metal  Co.,  Omaha,  Neb. 


Estimates  were  based  on  wholesale 
buying  and  labor  at  rural  prices. 
They  do  not  include  lumber  for 
staging  or  cost  of  floor  and  roof 
forms  or  the  wall  equipment.  The 
set  of  forms  for  floors  and  roof 
could  probably  be  built  for  about 
$200,  This  and  the  cost  of  the  wall 
machines  would  be  divided  among 
the  number  of  houses  to  be  built.  It 
is  assumed  that  a  small  mixer  would 
be  available  and  not  purchased  for 
this  special  work.  A  charge  of  $1.00 
per  da.  is  made  for  the  mixer.  Su- 
perintendence and  overhead  are  not 
included.  In  figuring  concrete  quan- 
tities no  allowance  is  made  for  open- 
ings which  should  make  good  waste 
and  shortage. 


An  Effective  Concrete 
Bumper  Post 

The  concrete  bumper  post  shown 
in  the  accompanying  illustration  was 
placed  by  Supt.  Harry  S,  Johnson 
at  the  Grand  Central  Depot,  Cin- 
cinnati. Bumper  posts  of  a  similar 
type,  using  a  wood  post,  have  been 
found  efi'ective  but  it  seems  that  con- 
crete construction  will  be  permanent 
and  even  more  substantial. 

The  post  is  41"  high,  24"  x  24" 
at  the  base  and  battered  to  18"  x 
18"  at  the  top.  Two  short  sections 
of  80-lb.  rail  are  placed  in  the  post, 
while  the  edges  are  protected  by 
angle  irons.  The  top  of  the  post  is 
finished  with  an  iron  plate  on  which 
is  set  the  casting  to  receive  the  ends 
of  the  rails  and  the  cushions  of 
wood  and  of  rubber  which  assist  in 
absorbing  the  shock. 
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Fig.  1 — Above  the  Completed  Plant,  Below  Dugram  Showing  Layout  of  Water 
Purification  Plant,  St.  Louis 

Course  of  water  shown  by  arrows 


Construction  of  160  Million  Gallon  Filter 
Plant  at  St.  Louis 

By  JoHisf  C.  Pritchard^ 


Due  to  the  rapid  increase  in  the 
water  consumption  in  the  city  of 
St.  Louis,  it  has  become  necessary 
to  increase  the  capacity  of  the  puri- 
fication system.  After  estimates  as 
to  the  comparative  costs  of  addition- 
al sedimentation  basins  and  a  filtra- 
tion plant,  to  be  used  in  connection 
with  the  present  treatment,  the  lat- 
ter was  decided  upon,  both  from  the 
reason  of  economy  and  for  the  more 
uniformly  satisfactory  effluent  ob- 
tained therefrom.  In  accordance 
with  this  decision,  plans  were  pre- 
pared by  the  Water  Dept.,  and  con- 
tracts Were  let  for  the  filter  and  fil- 
ter equipment  and  for  the  super- 
structure to  house  the  filters. 

The  plant  is  of  the  rapid  filtra- 
tion type  and  consists  of  40  units, 
each  having  1,400  sq.  ft.  of  effec- 
tive area  and  a  normal  capacity  of 
4,000,000  gals,  in  24  hrs.,  giving  a 
total  capacity'  of  160,000,000  gals. 
The  units  are  arranged  in  two  rows, 


with  the  effluent  conduit,  pipe  gal- 
lery and  influent  flume  between  the 
rows.  The  top  of  the  influent  flume 
and  the  tops  of  the  filter  boxes  are 
at  the  same  elevation,  forming  the 
operating  floor.  The  plant  is  lo- 
cated in  one  of  the  sedimentation 
basins  and  is  700'  x  133'  over  all. 
with  a  50-ft.  extension  at  the  south 
end.  The  filter  units  are  built  over 
a  series  of  groined  arclies,  supported 
on  groined  inverts  which,  in  turn, 
rest  on  the  original  basin  bottom. 
The  soil  pressure  amounts  to  about 
1,200  lbs.  per  sq.  ft.,  a  little  less 
than  the  pressure  existing  when  the 
basin  was  filled  with  water. 

CONSTRUCTION   PLANT 

The  entire  area  of  the  plant  was 
covered  four  times  at  four  eleva- 
tions, first  with  the  inverts,  then 
the  groined  arches,  then  the  filter 
boxes  and  then  the  roof.  The  loca- 
tion of  the  plant  inside  the  basin 
enabled  the  contractor  to  build  an 
economical  plant  for  handling  the 
concrete. 


The  walls  of  the  basin  are  of  re- 
inforced concrete  of  the  buttress 
type.  A  pit  was  dug  between  two 
buttresses,  ap))roximately  at  the  cen- 
ter of  the  plant,  outside  the  west 
wall  and  down  to  the  footing.  A 
Lakewood  mixer"  and  engine  of  22 
cu.  ft.  capacity  was  installed  in  the 
pit.  An  elevator  tower,  resting  on 
the  old  footing  and  about  150'  high, 
was  built  directly  in  front  of  the 
mixers.  On  either  side  of  the  ele- 
vator tower  auxiliary  towers  were 
built,  45'  o.  c,  carrying  the  main 
concrete  chutes  on  a  grade  of  20%. 
The  main  chutes  were  of  wood  14" 
wide  and  12"  deep,  with  triangular 
strips  in  the  corners.  Down-spouts 
were  arranged  at  several  auxiliary 
towers  so  that  concrete  could  be 
taken  off  at  any  point  desired  and 
deposited  directly  in  place.  The 
steel  chutes  consisted  of  one  50-ft. 
trussed  chute  and  several  30-ft.  steel 
chutes,  which  were  made  to  the  con- 
tractors' designs.  These  were  also 
14"  x  12",  with  rounded  corners. 
The  maximum  distance  traveled  by 
the  concrete  was  about  500',  it  tak- 
ing about  1  min.  to  travel  that  dis- 
tance. 

Sand,  Gravel,  Cement — Over  the 
mixer,  gravel  and  sand  bins  were 
constructed,  supported  on  a  framing 
of  12-in.  X  12-iu.  timbers,  with  a 
floor    of    2-in.    x     10-in.    planks    set 


Fig.  3— Pouiu>,..    1>    liu:. 
Fig.  3 — Groined  Arch  Forms  and  Rein- 
forcing Ready  for  Concrete 

'Lakewood  Engrg.  Co.,  Cleveland 
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Fig    4 — View  fhom  Towkh,  Suowim;  I'u.teu  Boxiis 

Fio.  5-FiLTER  Boxes  from   Ori:R.vT.N-G  Floor,  Showing  Fi.ume  in  Center  of  Box 

A,  ANi>  Spreading  Troi-gii  B 

F.o    (>^-Genfrai.  View,  Showing  Infiaent  Conduit  and  Arched  1- loor 

Note^n  ooncrVte  chute  running  lengthwise  of  filters,  with  auxiliary  chutes  in  the 

distance 

Fig.  7— Gesehai.  View  of  Constriction,  Showing  Arrangement  of  1  i.ant 


edgewise.  The  gravel  bin  has  a 
capacity  of  14  cars,  the  sand  bin 
holds  10  cars  of  sand.  Over  the 
bins,  a  standard  guage  track,  con- 
necting with  the  main  line  of  the 
Water  Works  Ry.,,  was  carried  on  a 
trestle  with  legs  extending  down 
through  the  mixer  pit. 

All  of  the  sand  and  most  of  the 
o-raveP  was  received  in  dump  cars, 
which  were  placed  over  their  respec- 
tive bins  and  unloaded.  The  sand 
and  the  gravel  were  fed  to  a  meas- 
uring hopper  through  spouts  in  the 
bottoms  of  the  bins;  cement  was  also 
fed  through  a  spout  from  the  cement 
shed  located  at  the  elevation  of  the 
basin  coping,  directly  south  of  the 
mixer  pit. 

The  contractor  went  very  thor- 
oughly into  this  matter  of  plant  lay- 
out and  several  types  were  consid- 
ered and  discarded  before  the  final 
lay-out  was  adopted.  The  total  cost 
of  the  concrete  plant  was  $3,428,  of 
which  $2,288  was  for  labor  and 
$1,140   for  matrial.      This   does   not 


'Universal    Sand    and    Gravel    Co.,    Pacific, 
Mo. 


include   the  cost  of   the  mixer,  but 
includes  the  cost  of  the  gravel  and 


sand  bins,  erecting,  maintaining  and 
wrecking  towers  and  chutes.  The 
cost  per  yd.  was  17  cts.  and  the  cost 
per  yd.  of  tlie  towers  alone  was  10 
cts. 

The  first  concrete  was  poured  July 
17,  191.3,  in  the  groined  inverts. 
These  inverts  are  inverted  segmental 
groined  arches,  2.'5"  thick  at  the  col- 
umn base  or  spring  line  and  8"  at 
tile  crown.  Over  the  column  center 
a  wooden  collar  was  erected  20"  x 
20"  and  23"  above  the  floor.  From 
each  corner  a  wooden  screed  radi- 
ated, cut  to  the  curve  of  the  inter- 
section of  the  inverted  arches.  The 
concrete  was  piled  up  under  this  col- 
lar and  cut  off'  with  a  straightedge 
across  the  screeds.  After  several 
hours,  the  screeds  were  removed,  the 
lioies  filled  witli  soft  concrete  and 
tiie  whole  invert  shovel-finished  (Fig- 

Columns  and  Arches — The  col- 
umns and  groined  arches  were  next 
poured,  the  arch  forms  having  been 
fabricated  previously  in  the  contr.ac- 
tors'  shop.  Tlu-se  forms  were  framed 
with  two  diagonal  ribs,  cut  to  the 
curve  of  the  intersection  of  the 
arches,  two  full  ribs,  and  two  short 
ribs  between  the  diagonal  ribs  and 
tlie  full  ribs.  The  arches  are  ellip- 
tical in  section,  with  a  clear  span  of 
|)'  4"  north  and  south,  and  8'  7" 
east  and  west.  The  ribs  were  cov- 
ered with  1-in.  lagging  on  the  sharp 
curve,  1-in.  x  3-in.  and  4-in.  x  4-in. 
lagging  being  used  on  the  flatter 
portion.  Spaces  of  about  \"  were 
left  between  the  lagging  and  the 
whole  was  form  covered  with  No. 
16-ga.  galvanized  iron. 

In  erecting  these  forms,  the  col- 
umn   forms,    each   having   a    4-in.   x 


Fig.  8— Isometric  View,/Showing 
Construction  of  Fii-tbbs 
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Fig.  9 — Ixtekior  of  Compixted  Filter    Plaxt 


4-in.  belt  at  the  top,  were  erected 
firstj  lined  and  leveled.  Between 
the  rows  of  column  forms  and  run- 
ning in  both  directions  ribbon  boards 
were  erected,  consisting  of  two  2  x 
lO's  nailed  on  either  side  of  a  4-in- 
X  4-in.  post.  The  arch  ribs  were 
notched  to  fit  the  4-in.  x  4-in.  collar 
on  the  column  forms  and  to  fit  over 
the  ribbon  boards.  The  four  sec- 
tions of  arch  form  framing  on  to 
one  column  form  formed  a  rectangu- 
lar panel  11'  x  10'  3".  The  diag- 
onal ribs  of  adjoining  segments  were 
bolted  together  (Fig.  3).  The  tops 
of  the  concrete  arches  were  brought 
up  level  to  form  a  floor  to  receive 
the  filter  boxes,  the  concrete  being 
6"  thick  at  the  crown  and  2'  6"  at 
the  spring  line.  The  arches  were 
reinforced  with  lo"!"-  bars  9"  o.  c, 
running  both  ways,  about  3"  below 
the  flat  top.  In  stripping  these 
forms,  which  was  usually  done  4  das. 
after  pouring,  the  bolts  were  remov- 
ed, the  ribbon  boards  taken  down 
and  the  panel  slid  off  the  4-in-  x 
4-in.  collar  and  lifted  down. 

Filter  Boxes  —  The  filter  boxes 
were  erected  on  top  of  the  arches 
(Fig.  4).  These  boxes  were  33'  x 
51'  9"  out  to  out  and- 31'  6"  x  50' 
inside.  The  side  and  the  back  walls 
are  9"  thick:  the  front  wall  is  12" 
thick.  Longitudinally  in  the  center 
of  the  box  is  a  channel  2'  wide  with 
6-in.  walls  7'  3"  high  above  the  6-in. 
bottom  of  the  box  (A-Fig.  6).  This 
channel  receives  the  water  from  the 
influent  flume  and  distributes  it  by 
means  of  16  lateral  gutters,  eight 
on  either  side  of  the  channel  (B-Fig. 
6).  Each  box  was  required  by  the 
specifications  to  be  poured  as  a 
monolith.  In  pouring,  a  hopper  was 
set  up  at  the  top  of  the  box  about 
in  the  center,  with  a  chute  from 
each  side,  leading  to  each  corner  of 
the  box.  The  hopper  received  the 
concrete  from  the  main  chutes,  and 
by  using  the  small  chutes  alternate- 
ly, the  walls  were  brought  up  prac- 
tically level.     The  bottom  of  the  box 


was  poured  first,  the  concrete  being 
banked  up  slightly  against  the  sides 
to  hold  the  walls.  The  interior  wall 
forms  were  supported  on  2-in.  x 
4-in.  legs,  which  were  removed  the 
day  after  pouring  and  the  holes 
filled  with  mortar.  Each  box  con- 
tained 107  cu.  yds.  of  concrete  and 
required  about  7  hrs.  for  pouring. 

Flumes  and  Pipe  Gallery  —  Be- 
tween the  two  rows  of  filters  are  lo- 
cated the  effluent  conduit,  the  pipe 
gallery  and  the  influent  flume  (Figs. 
6,  7  and  8).  The  footing  for  the 
effluent  conduit  was  poured  at  the 
same  time  as  the  groined  inverts,  the 
vertical  steel  for  the  side  walls  being 
set  and  the  key  left  to  key  in  the 
walls.  TJie  walls  and  top  of  the 
conduit  are  12"  thick,  the  inside 
height  being  from  4'  6"  to  6',  as 
the  footing  follows  the  slope  of  the 
old  basin  bottom.  The  conduit  is  15' 
wide  in  the  clear  and  has  a  12-in. 
X  28-in.  beam  in  the  center  on  12-in. 
circular  columns,  to  support  the 
36-in-  wash  water  pipe.  The  top 
and  the  sides  were  poured  together, 
the  700'  of  conduit  being  poured  in 
six  sections. 

The  pipe  gallery  is  between  the 
effluent  conduit  and  influent  flume 
and  is  4'  6"  high.  It  contains  the 
wash  water  pipe  with  connections 
every  33'  for  the  filters  and  tvvo 
6-in.  pressure  lines  to  operate  the 
hydraulic  valves. 

The  influent  flume  forms  the  roof 
of  the  pipe  gallery.  It  has  12-in. 
side  walls  and  a  12-in.  bottom,  sup- 
ported on  columns  11'  o.  c  which 
rest  on  the  walls  of  the  effluent  con- 
duit. The  roof  slab  of  the  flume  is 
a  4-in.  slab  supported  on  beams. 
The  method  of  pouring  the  flume 
was  practically  the  same  as  for 
pouring  the  filter  boxes,  the  bottom 
being  poured  first,  and  the  walls 
carried  up  to  within  about  2'  of  the 
top.  It  was  not  possible  to  pour  the 
top  the  same  day  as  the  sides,  as 
the  roof  beams  could  not  be  shored 
against  the  wet  concrete.     The  influ- 


ent flume  contained  about  42  cu-  ft. 
of  concrete  per  lin.  ft.,  and  the  780' 
were  poured  in  seven  sections.  The 
forms  for  both  effluent  conduit  and 
influent  flume  were  made  from  1-in. 
lumber  with  2-in.  x  4-in.  ribs  18" 
o.  c.  The  whole  was  covered  with 
l6-ga.  galvanized  iron,  oiled  with 
paraffin   oil  immediately  before  use. 

Distributing  Gutters — The  lateral 
distributing  gutters  are  14'  in  length 
and  were  cast  of  concrete  3"  thick. 
For  proper  operation  of  the  filters  it 
was  essential  that  the  edges  of  these 
gutters,  over  which  the  water  flows 
when  washing  the  filters,  should  be 
absolutely  true  and  level.  In  order 
to  accomplish  this,  the  gutters  were 
cast  in  an  invrted  position,  on  a  con- 
crete slab  which  had  been  very  care- 
fully leveled.  The  forms  for  the 
gutters  were  tin  covered,  with  the 
nails  countersunk,  soldered  and 
scraped.  The  results  have  been  very 
satisfactory. 

Form  Ties  —  The  specifications 
provided  that  no  wire  nor  ties  should 
be  used  in  form  work  which  would 
project  beyond  the  surface  of  the 
concrete.  A  simple  form  of  wall 
tie  was  used,  made  by  blacksmiths 
on  the  job.  The  tie  consisted  of  a 
loop  of  %-in.  X  Il4-in.  strap  iron, 
the  loop  having  square  ends  with  the 
ends  of  the  strap  iron  riveted  to- 
gether. The  ends  of  the  loop  were 
punched  to  receive  a  Vo-in.  bolt.  The 
ties  were  made  in  such  lengths  that 
there  would  be  about  2"  of  concrete 
between  the  ends  of  the  tie  and  the 
surface  of  the  concrete.  Bolts  were 
inserted  through  the  forms,  the 
heads  bearing  on  bolt  rails  consist- 
ing of  two  2  X  4's  with  \^-in.  space 
between  them.  The  bolts  were  put 
through  the  tie  and  screwed  into  nuts 
which  were  held  by  the  square  ends 
of  the  loop  and  tightened  against 
spreaders,  which  were  removed  im- 
mediately, before  pouring.  The  day 
after  pouring  the  bolts  were  loos- 
ened, unscrewed  from  the  nut  and 
pulled  out,  the  bolt  hole  being 
plugged  with  mortar. 

CONCRETE    DATA 

The  proportions  of  the  concrete 
for  the  groined  inverts,  arches  and 
walls  were  1  part  cement,  Zy^  sand 
and  5  of  gravel  For  all  reinforced 
concrete,  the  proportions  were  ap- 
proximately 1 :2 :4.  In  the  filter  boxes 
about  5  lbs.  of  hydrated  lime  were 
added  for  each  sack  of  cement.  No 
leakage  has  appeared  through  the 
sides  or  bottom,  showing  that  the 
hydrated  lime  has  acted  as  a  suc- 
cessful waterproofing. 

The  best  day's  run  on  inverts  was 
160  yds.,  on  groined  arches  220  yds. 
The  largest  quantity  in  any  one  day 
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Fig.   10 — North  Main   Extraxce,  Showing   Architectural  Treatment  and  Roof 

constouction 

Fig.  n — General  View  prom  Basin  7 

Fig.  13 — North  End  Near  Completion 


was  230  yds.  in  the  effluent  conduit 
footing.  Thirty-eight  filter  boxes 
were  poured  between  Oct.  21  and 
Dec.  13,  the  last  24  boxes  being 
poured  in  27  consecutive  days.  Each 
box  contains   107  cu.  yds. 

COSTS 

The  substructure  contract  was  for 
$235,000  and  the  equipment  con- 
tracts amount  to  $.'?PS.000.  Costs 
are  summarized  as  follows: 

Inverts,  2,118  cu.  yds t  7.00  per  cu.  yd. 

Piers,  vaults  and  walls,  3,522 

cu.  yds 9.80     " 

Reinforced  concrete,  9,960  cu. 

yds 9.68    •• 

Gutters,  284  cu.  yds 29.00     " 

HOW    THE    WATER    IS    PURIFIED 

A  brief  description  of  the  opera- 
tion of  the  plant  will  make  the  con- 
struction more  clear  and  may  be  un- 
derstood by  reference  to  Figs.  1,  8 
and  9. 
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The  treatment  the  water  receives 
between  the  time  it  is  taken  from 
the  river  and  the  time  it  leaves  the 
filter  plant  for  the  city  is  divided 
into  a  number  of  stages,  which  may 
be  separated  as  follows : 

1.  Lifted  from  27'  to  65^,  depend- 
ing on  tlie  stage  of  the  river.  2. 
Freed  from  heavier  sand  and  sedi- 
ment. S.  Treated  with  lime  and  sof- 
tened. 4.  Treated  with  sulphate  of 
iron  and  a  coagulant  to  remove  most 
of  the  turbidity,  and  passes  into  set- 
tling basins,  where  from  95%  to 
99%  of  sediment  and  bacteria  are 
deposited.  5.  Treated  with  sulphate 
of  alumina  to  remove  color  and  pro- 
vide a  coagulation  satisfactory  for 
filtration.  6.  Filtered  through  sand, 
as  a  finishing  process  to  remove  all 
the  coagulation  and  sediment  and 
most  of  the  remaining  color  and  bac- 


teria. 7.  Treated  with  liquid  chlor- 
ide to  kill  any  bacteria  that  may 
pass  through  the  filters. 

Tlic  water,  after  treatment,  as  it 
leaves  the  filter  plant  will  be  spark- 
ling, clear  and  free  from  bacteria 
of  any  kind  that  might  produce  dis- 
ease. 

METHODS    OF    OPERATION 

The  water,  drawn  from  the  river 
at  the  intake  towers,  will  pass 
through  tunnels  to  the  screen  cham- 
bers and  wet  well  and  to  tlie  ma- 
sonry delivery  well.  Leaving  the 
well,  it  will  pass  to  the  grit  cham- 
ber, a  reinforced  concrete  basin,  96' 
long,  65'  wide  and  from  15'  to  24' 
deep  designed  to  reduce  the  velocity 
of  flow  to  permit  the  deposit  of  the 
heavier  matter  in  suspension,  prin- 
cipally sand,  before  any  treatment 
with  chemical. 

Leaving  the  grit  chamber,  the  wat- 
er flows  through  a  reinforced  con- 
crete passage  to  the  lime-mixing  con- 
duit, receiving  the  charge  of  lime  as 
it  enters  the  conduit.  The  lime-mix- 
ing conduit  is  a  reinforced  concrete 
box,  2,382'  long,  32'  1"  wide  and 
12'  6"  high,  divided  longitudinally 
into  four  compartments,  each  7' 
wide  and  11'  high. 

Leaving  the  conduit  the  softened 
water  recives  the  charge  of  coagu- 
lant, sulph.ate  of  iron  in  solution, 
and  enters  the  filling  conduit  through 
which  it  passes  to  the  sedimentation 
basins. 

The  basins  have  a  total  working 
capacity,  with  one  empty  for  clean- 
ing, of  172,000,000  gals. 

From  the  collecting  conduit  the 
water  passes  through  the  Venturi 
meters  into  the  coagulation  chamber, 
receiving  the  secondary  charge  of 
coagulant,  sulphate  of  alumina,  in 
solution  just  after  it  passes  the 
throats  of  the  meters  and  before  it 
enters  the  chamber. 

The  coagulated  water  flows 
through  the  coagulation  chamber. 
Basin  7^/^,  and  enters  the  secondary 
sedimentation  Basins  7  and  8, 
through  stop  plank  openings.  It 
will  remain  in  the  coagulation  cham- 
ber about  1  hr.  and  in  the  basins 
about  9  hrs.  before  entering  the 
flume  leading  to  the  filters. 

Leaving  the  basins,  the  settled 
water  enters  the  concrete  influent 
flume  which  extends  the  full  length 
of  the  filters  and  from  this  flume  is 
drawn  on  to  any  or  all  of  the  40 
filter  units. 

Entering  the  filter  unit  by  the  gut- 
ters at  the  center  of  the  box,  the 
water  rises  and  flows  on  to  the  sand 
on  either  side  of  the  central  gut- 
ters. The  sand  layer,  SO"  deep, 
rests  on  a  12-in.  be4of  gravel,  which 
is  in  turn  supported  by  the  strainer 
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sj'stem.  The  water  passes  down 
through  the  sand  and  gravel  through 
the  YiQ-in.  holes  in  the  bronze  strain- 
er plates  to  the  concrete  passages 
under  the  plates  to  the  lO-in.  open- 
ings connected  to  the  cast  iron  un- 
der-drain  piping,  which  may  be  seen 
in  place  under  the  filters,  supported 
from  the  arches  (Fig.  8).  This 
piping  delivers  the  water  to  the  con- 
crete clear-water  conduit  under  the 
raw-water  conduit,  which  connects  to 
the  old  drawing  conduit  at  three 
points  and  delivers  the  water  to  the 
drawing  conduit  chamber,  where  a 
small  charge  of  chlorine  is  added 
to  kill  any  bacteria  that  may  have 
come  through  the  sand.  From  this 
chamber  it  enters  the  main  conduit, 
from  which  it  is  drawn  into  the 
mains. 

Filtering  is  continued  until  the 
dirt,  coagulant,  etc.,  collect  in  and 
on  the  sand  to  such  an  extent  as  to 
prevent  the  desired  quantity  of  water 
from  passing  through  without  requir- 
ing high  differences  in  head  that 
might  open  up  holes  through  the 
sand  bed  and  permit  the  passage  of 
muddy  water.  The  filter  must  then 
be  taken  out  of  service  and  cleaned. 
This  is  done  by  reversing  the  flow; 
that  is,  passing  filtered  water,  under 
pressure,  through  the  cast  iron  un- 
der drains,  the  concrete  passages  un- 
der the  strainers  and  the  holes  in  the 
bronze  strainer  plates,  up  through 
the  gravel  and  sand  at  a  high  vel- 
ocity, so  that  the  dirt,  coagulant  and 
bacteria  are  washed  out  of  the  sand 
and  carried  with  the  water  into  the 
V-shaped  concrete  troughs  that  dis- 
charge into  the  central  gutter,  which 
now  discharges  into  the  sewer,  car- 
rying the  muddy  water  back  to  the 
river. 

SUPERSTRUCTURE,    CHAIN    OF    ROCK 
FILTERS 

The  superstructure  or  filter  house 
over  the  filters  and  operating  floor 
was  designed  after  the  filter  con- 
tract had  been  in  progress  for  sev- 
eral months.  This  building  is  an 
all-concrete  structure,  the  roof  be- 
ing supported  on  a  system  of  col- 
umns and  pilasters  resting  on  the 
filter  box  walls.  The  building  is 
700'  long,  133'  wide  and  11'  high 
at  the  outside,  the  roof  rising  with 
a  pitch  of  l/o"  to  the  ft.,  toward  a 
monitor  over  the  operating  floor, 
which  is  6'  high  and  about  28'  wide. 

The  roof  system  consists  of  four 
main  girders  running  longitudinally 
with  the  building,  supported  on  col- 
umns 33'  o.  c,  this  dimension  being 
the  out  to  out  width  of  a  filter  box 
(Fig.  10).  These  girders  carry  the 
roof  beams,  which  are  16'  6"  o.  c. 
and  about  26'  in  span,  the  outer  end 
being  carried  on  pilasters  which  were 


later  incorporated  in  the  outer  walls' 
These  roof  beams  carry  the  roof, 
M'hich  is  an  arched  slab,  3"  thick  at 
the  crown  and  6"  at  the  spring  line. 
The  north  and  south  walls  are  the 
only  bearing  walls.  The  entire  roof 
was  poured  before  the  walls  were 
begun,  the  north  and  south  end 
spans  being  carried  on  shores  and 
the  bearing  walls  afterwards  poured 
around  them. 


The  exterior  walls  are  of  poured 
concrete.  As  the  building  is  700' 
long  and  only  11'  high,  it  was  ne- 
cessary for  arcliitectural  reasons  to 
break  the  surface  witli  frequent  ver- 
tical lines.  This  was  accomplished 
by  means  of  rusticated  pilasters 
about  11'  o.  c,  3'  8"  wide  and  4" 
deep.  Above  the  roof  was  a  para- 
pet or  fire  wall  about  30"  high, 
making  the  total  wall  height  about 
13'  6". 

The  specifications  provided  for  al- 
ternate methods  for  constructing 
these  walls.  Permission  was  given 
to  construct  them  either  by  a  unit 
system,  pouring  the  wall  slabs  on 
the  ground  and  erecting  them  after- 
ward, or  to  pour  them  against  plas- 
tered forms,  these  latter  being  speci- 
fied to  secure  the  smoothness  of  sur- 
face necessary  for  the  architectural 
features.  Also  the  architectural 
work  was  so  arranged  that  each  day's 
run  could  be  stopped  on  a  horizontal 
or  a  vertical  feature  line,  thus  elimi- 
nating unsightly  joints. 

This  contract  was  let  to  the  con- 
tractors for  the  substructure.  As  it 
was  not  possible  to  erect  the  super- 
structure till  the  substructure  was 
practically  complete,  no  work  was 
done  until  Mar.,  1.Q14.  However, 
in  the  winter  several  experimental 
jjanels  were  constructed,  with  the  re- 
sult that  the  contractor  was  given 
permission  to  use  canvas-covered 
forms,  the  surface  obtained  by  the 
use  of  such  forms  being  in  every 
way  superior  to  that  produced  by 
plastered  forms  and  strongly  resem- 
bling Bedford  stone  in  texture. 

SPECIAL   FORMS  DEVELOPED   TO    SECURE 
PLEASING    SURFACE 

In  May,  191 4,  after  the  roof  was 
finished,  a  section  of  wall  form  was 
erected  on  the  monitor,  to  work  the 
kinks  out  of  this  type  of  form  where 
it  would  not  be  visible  except  at  a 
distance.  Tongue  and  groove  lum- 
ber was  used,  covered  with  canvas. 
The  cornice  forms  were  not  canvas- 
covered,  but  were  painted  with  white 
lead  and  sanded  with  white  sand. 
These  forms  gave  an  excellent  sur- 
face, but  every  joint  between  the 
boards  showed  in  the  concrete,  which 
was  not  permissible.     A  series  of  ex- 


perimental panels  was  then  erected 
on  the  monitor.  Combinations  of 
canvas  on  building  paper,  the  latter 
being  stuck  to  the  lumber  with  hot 
pitch,  canvas  on  asbestos  paper 
treated  in  tlie  same  manner,  and  can- 
vas on  board  forms  whose  joints 
were  filled  with  plaster  of  paris  were 
tried,  but  none  of  them  proved  sat- 
isfactory. Finally  a  combination  of 
pitch,  asbestos  paper,  beaver  board 
and  canvas  was  tried,  proved  thor- 
oughly satisfactory  and  was  used 
throughout  the  remainder  of  the 
building.  It  was  found  possible  to 
use  the  beaver  board  as  many  as 
eight  times,  but  it  was  necessary  to 
renew  tlie  canvas  each  time  the  panel 
was  used.  The  forms  as  finally  used 
for  the  exterior  consisted  of  2-in.  x 
6-in.  verticals  sheeted  with  1-in.  lum- 
ber. This  was  covered  with  a  layer 
if  beaver  board  and  then  a  layer 
of  asbestos  paper  and  finally  a  layer 
of  tightly  stretched  canvas.  The 
cornice   forms  were  not  covered. 

Much  credit  must  be  given  to 
Supt.  Herman  Bankes  for  develop- 
ing and  erecting  these  forms. 

Concrete  was  poured  in  the  forms 
by  means  of  a  long,  narrow  chute, 
made  by  nailing  sheet  iron  on  either 
side  of  two  4  x  4's.  The  concrete 
was  handled  from  the  roof  by  the 
same  plant  that  was  used  for  the 
substructure.  The  chutes  were  let 
down  into  the  form,  so  there  was  no 
chance  for  the  concrete  to  drop  and 
separate.  The  walls  were  8"  thick, 
with  an  11-in.  base  course.  The  in- 
terior wall  form  was  a  plain  form, 
and  was  brought  up  with  the  con- 
crete. A  day's  pouring  was  always 
stopped  at  a  vertical  and  horizontal 
line. 


The  concrete  roof  was  in  place 
about  4  mos.  before  any  roofing  ma- 
terial was  placed  upon  it  and  proved 
fairly  watertight,  though  a  few 
slight  leaks  developed.  One  expan- 
sion joint  was  provided  in  the  roof 
and  the  walls,  at  the  center  of  the 
building.  Careful  measurement  over 
two  brass  plugs  set  in  the  roof  for 
this  purpose  showed  a  difference  of 
about  %"  in  300'  for  a  difference 
in  temperature  of  34°  F. 

ENTRANCE 

The  monitor  at  the  north  end  and 
extending  about  16'  to  the  south  is 
about  5'  higher  than  the  remainder 
of  the  monitor,  to  accommodate  the 
main  entrance  door,  which  is  about 
12'  wide  with  a  semi-circular  arch 
at  the  top,  containing  a  large  orna- 
mental keystone.  This  keystone  was 
first  modeled  in  clay,  then  a  plaster 
form  was  made  and  the  keystone 
cast,  cured  and  set  in  place  before 
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tlu:  arcli  was  ])(iurcd.  It  was  also 
iifccssary  to  cast  a  series  of  dentils 
over  the  main  door  and  also  the  wat- 
er spouts  in  the  monitor.  l"or  the 
dentils  and  the  water  spouts  sand 
molds  were  used. 

A  large  window  and  two  small 
windows  are  ])rovided  opposite  each 
filler  box.  Windows  33'  o.  c.  are 
also  provided  in  the  monitor.  Steel 
sash  were  used  throughout.  Si.K 
light  fixtures  arc  provided  over  each 
filter  box,  a  two-light  bracket  on 
each  column  along  the  operating 
floor  and  a  line  of  lights  along  the 
center  of  the  operating  floor.  All 
deelrie  conduit  is'  embedded  in  the 
concrete  work. 

Heating  is  provided  under  anoth- 
er contract,  and  will  be  furnished 
from  boilers  located  in  the  head 
house.  The  design  of  the  heating 
system  was  complicated  by  the  pres- 
ence of  a  large  area  of  constanth- 
changing  water. 

PERSONNEL 

The  work  was  done  under  the  gen- 
eral direction  of  Edward  E.  Wall, 
M.  Am.  Soc.  C.  E.,  Water  C'ommr., 
and  Gurdon  G.  Black,  M.  Am.  Soc. 
C.  E..  Engr.  in  Chg.  of  the  Supply 
and  Purifying  Division,  with  the 
writer  in  immediate  charge  in  the 
field.  The  McCormaek-Combs  Const. 
Co.,  was  the  contractor  for  the  sub- 
structure, the  Pittsburgh  Filter  Mfg. 
Co.  furnishing  the  equipment.  The 
plant  has  recently  been  put  in  op- 
eration. 


Aggregate  Sirrvej'  in  South 
Dakota 

At  the  suggestion  of  many  of  the 
engineers  and  contractors  over  the 
state  of  South  Dakota,  the  experi- 
mental dejiartment  of  the  South  Da- 
kota State  College  at  Brookings  has 
taken  up  the  work  of  ascertaining 
the  value  of  the  materials  derived 
from  the  gravel  deposits  throughout 
the  state  with  reference  to  the  desir- 
ability of  the  material  for  use  in  con- 
crete construction,  which  is  still  in 
its  infancy  in  that  state.  Reports 
received  from  time  to  time  at  the  ex- 
perimental department  indicated  that 
many  gravel  deposits  contained  ma- 
terial unfit  for  concrete  construction 
and  revealed  the  necessity  of  careful 
tests  so  that  some  partciular  aggre- 
gate might  be  balanced  by  proper 
mixtures  or  by  the  addition  of  ma- 
terial from  another  source.  This  in- 
formation was  not  obtained  by  the 
contractors  in  their  regular  work  and 
could  be  ascertained  only  thro'igli 
scientific   experiments. 
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\\'ithin  the  jiast  year  over  1,500 
tests  have  been  made  of  local  ma- 
terial by  the  experimental  depart- 
ment under  the  supervision  of  Rob- 
ertson Cook,  M.  E.,  professor  of  ex- 
perimental engineering.  The  mate- 
rials have  been  subjected  to  the  fol- 
lowing tests: 

1.  A  careful  preliminary  exam- 
ination to  determine  the  chief  char- 
acteristics of  the  material. 

'2.  A  washing  test;  in  this  test  3" 
of  the  material  was  poured  into  a 
quart  Mason  jar;  water  was  added 
until  the  jar  was  nearly  full  and 
the  cap  screwed  on.  The  jar  was 
then  violently  shaken  for  2  min.  and 
%vas  allowed  to  stand  for  ,'5  min.  At 
the  end  of  this  time  the  height  of 
the  layer  of  dirt  or  fine  material  on 
top  of  the  coarse  material  was  meas- 
ured. This  divided  by  the  total 
height  of  the  material  in  the  jar 
gave  a  result  which  for  lack  of  a 
better  term  is  called  "per  cent  of 
dirt." 

;{.  A  sieve  analysis  was  made  to 
determine  the  percentages  of  the 
various  sized  grains.  Sieves  having 
openings  of  %".  Vo",  %"  and  the 
smaller  ones  with  openings  of  4,  10, 
20,  30,  60  and  100  meshes  per  lin. 
in.  were  used. 

4.  Standard  tensile  test  speci- 
mens or  briquettes  were  made  up  in 
))roportions  of  1  part  cement  and 
3  parts  sand.  As  used  in  all  this 
work  the  word  "sand"  means  that 
part  of  the  material  which  passes  a 
sieve  having  four  meshes  per  in.  and 
the  word  "gravel"  that  part  of  the 
material  which  will  not  pass  through 
such  a  sieve.  Specimens  were  tested 
at  the  end  of  28  d.as.  and  others  at 
the  end  of  56  das.  after  being  made. 

5.  Two-in.  cubes  were  made  in 
proportions  of  1  part  cement,  2 
parts  sand  and  3  parts  gravel. 
Parts  are  all  taken  by  weight. 

6.  Four-in.  cubes  were  made  of 
some  of  the  samples  using  the  pro- 
portions of  1  part  of  cement  and 
5  parts  of  the  material  as  received. 

7.  The  specific  gravity  was  de- 
termined. 

8.  The  percent  of  voids  was  de- 
termined. 

The  graphical  method  is  used  in 
re]iorting  the  results  in  most  of 
cases,  so  that  the  comparative  char- 
acteristics of  the  materials  may  be 
determined  at  a  glance. 

The  following  is  a  report  made 
on  samples  submitted  from  one  lo- 
cality which  produces  sand  used  ex- 
tensively throughout  the  vicinity  ad- 
jacent to  Watertown,  S.  D.: 

ITie  tests  indicate  the  specimens  to 
be  high-grade  concrete  materials.  The 
pit  when  tested  in  4-in.  cubes  made 
up  of  1  part  cement  to  5  parts   gravel 


gave  a  crushing  strength  of  1,740  lbs. 
per  sq.  in.  at  the  end  of  60  das.  The 
sieve  analysis  showed  that  this  specimen 
contains  much  too  great  an  excess  of 
fine  material  for  the  best  results.  A 
mixture  was  made  of  1  part  cement,  2 
parts  of  pit-run  and  3  parts  coarse  gra- 
vel; the.se  cubes  gave  a  crushing  strength 
of  3,630  lbs.  per  sq,  in.  at  60  das., 
showing  the  great  gain  in  strength  when 
a  coarse  mixture  is  used.  It  .shouhl  be 
a  source  of  satisfaction  to  every  concrete 
man  in  your  vicinity  that  such  excellent 
materialcan  be  obtained  and  in  tlie  vari- 
ous sizes  so  that  a  concrete  of  almost 
any  desired  strength  can  be  obtained  by 
intelligent  proportioning. 


The    Ciirbiii<r   Hitching   Post 

A  resident  of  Santa  Ana,  Gal., 
has  presented  a  novelty  which  has 
been  termed  "the  curbing  hitching 
post."  And  it  is  just  what  its  name 
implies,  too,  for  it  is  a  post  which 
has  been  combined  with  the  curbing 
which  runs  along  the  front  of  this 
resident's  property.  It  was  built  at 
the  same  time  as  the  curbing  and  out 
of  the  same  batch  of  concrete.  The 
usual  place  for  the  hitching  post  is 
the  parkway,  and  this  novel  feature 
was  the  direct  outcome  of  the  desire 
of  this  property  owner  not  to  have 
his  parkway  obstructed  in  any  way. 
He  wanted  flowers  in  the  parkway, 
and  nothing  else. 

This  post  is  2'  in  height  and  3' 
6"  in  width  at  the  point  where  it 
connects  with  the  curbing,  or  rather, 
where  it  reaches  the  curbing  level. 
It  is,  like  the  curbing,  8"  thick  at 
its  base,  but  as  it  proceeds  upward 
it  gradually  tapers,  until  at  the  top 
it  is  but  6"  thick.  Upon  the  top 
rests  a  sheet  iron  plate,  through 
which  the  ends  of  a  round  iron  loop 
has  been  passed,  these  ends  continu- 
ing about  12"  down  into  the  con- 
crete. Both  the  post  and  the  curb- 
ing are  made  of  a  mixture  of  1  part 
of  cement,  2  parts  of  sand  and  4 
parts  of  gravel. 


CURBIXG     HiTCHISG     PpST 
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The  Use  of  Stucco  as  a  Means  of 
Modernizing  Old  Buildings 


stucco.  The  most  common  way  of 
doing  this  is  to  apply  a  molding  of 
the  proper  thickness  to  the  old  frame 
the  molding  acting  as  a  ground  for 
the  plasterers.  The  appearance  is 
best  when  the  molding  allows  only 
about  2"  of  the  old  frame  to  show. 


The  popularity  of  the  stucco  house 
suggests  a  large  field  for  this  mate- 
rial in  the  renovation  and  moderniz- 
ing of  the  old  house. 

By  calling  attention  to  the  advan- 
tages of  stucco  through  advertising, 
exhibits  and  by  the  use  of  circulars 
and  letters,  an  interest  can  often  be 
aroused  that  can  be  developed  into 
profitable    work. 

There  are  thousands  of  frame 
houses  requiring  frequent  painting 
and  repairs  which  now  appear  un- 
favorably when  compared  with  more 
modern  buildings.  These  buildings 
can  be  modernized  at  a  comparative- 
ly small  cost. 

In  securing  this  work  use  can  be 
made  of  printed  matter  furnished  by 
manufacturers  of  metal  lath  and  spe- 
cial stucco.  The  literature  contains 
illustrations  that  will  give  the  pros- 
pect a  good  idea  of  the  appearance 
of  his  improvements  when  complete. 
Call  attention  to  attractive  stucco 
buildings  in  the  vicinity. 

When  the  work  is  secured  see  that 
it  is  planned  and  executed  in  a  way 
that  will  make  it  a  powerful  selling 
argument  with  the  next  prospect. 
Not  only  individual  owners  but  also 
real  estate  men  and  the  larger  prop- 
erty owners  should  be  approached 
and  shown  that  the  money  spent  in 
modernizing  property  can  often  be 
made  to  move  a  "sticker"  or  to  se- 
cure a  good  price  for  a  property  con- 
sidered undesirable. 

PLANNING  THE   WORK 

No  attempt  to  carry  out  work  of 
this  kind  for  residences  or  for  any 
but  the  most  severe  type  of  business 
buildings  should  be  made  without 
competent  architectural  advice.  The 
money  spent  for  such  service  will  be 
repaid  many  times  in  the  value  of  the 
finished  structure.  While  this  state- 
ment holds  true  for  any  remodeling 
work  it  is  particularly  true  with  stuc- 
co in  concrete  construction.  The 
beauty  of  the  work  lies  largely  in 
correct  lines  and  proportions.  It  is 
a  material  to  be  used  in  broad  sur- 
faces and  massive  effects. 

Ornamental  details  must  be  de- 
signed and  executed  with  care  on  the 
part  of  the  workman,  and  trained  in- 
telligence by  the  designer. 

The  remodeler  must  often  use  ex- 
ceptional skill  as  the  lines  of  his 
building  are  already  determined  and 
he  must  design  a  general  treatment 
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Fig.  1 — .\lta  State  Bank  Before  Remodelim; 


Fig.  2 — Sttcco  Finish  Effects  Great  Improvejient 


and  details  that  will  emphasize  good 
proportions  and  minimize  so  far  as 
possible  unlovely  lines. 

Often  additions  are  to  be  made  to 
the  building,  such  as  sun  parlors  and 
sleeping  porches.  These  must  be  so 
treated,  if  possible,  as  to  be  in  har- 
mony with  the  building  as  a  whole. 

PRELIMIN.4RY  WORK 

If  the  weather  boards  are  in  fair- 
ly good  condition  they  need  not  be 
removed.  Heavy  waterproof  paper 
is  tacked  over  the  building  and  then 
furring  strips,  preferably  of  metal, 
are  applied  on  12-in.  centers.  In- 
stead of  furring  strips,  furring 
posts^   or  some   type  of  crimped  or 

It  is  necessary  to  build  out  win- 
dow and  door  frames  to  receive  the 

'Wagner-Behm  Co.,  Chicago 


The  water  table  line  will  need 
careful  attention  and  the  best  con- 
struction is  decided  by  circumstances. 
It  is  not  generally  best  to  carry  plas- 
ter on  metal  lath  close  to  the  ground. 
If  this  is  to  be  done  see  that  the  en- 
tire space  back  of  the  lath  is  filled 
and  have  the  mortar  not  less  than  2" 
thick. 

Often  the  old  underpinning  will 
be  of  a  good  quality  of  stone  and 
need  not  be  covered.  In  this  case, 
the  metal  is  usually  sprung  out  to 
form  a  water  table.  It  is  well  to  use 
a  temporary  strip  under  the  table  as 
a  form  and  ground,  and  to  drive 
spikes  into  the  wood  sill  to  anchor 
the  water  table  securely.  One  or 
two  light  rods  fasteed  to  the  lath  at 
this  point  will  help  to  prevent 
cracks. 
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CORNICE    OR    FINISH    DETAILS 

All  alterations  to  porches,  cor- 
nices, etc.,  should  be  complete  before 
any  stucco  is  applied.  All  cornices 
carrying  ornament  of  the  "ginger- 
bread" type  should  be  replaced  with 
plain  substantial  members  and  mold- 
ings. The  metal  lath  and  stucco  may 
either  go  up  back  of  wood  cornices 
and  be  given  two  coats  at  this  point 
before  the  wood  members  of  the  cor- 
nice are  applied  or  the  soffit  can  con- 
sist of  stucco  and  the  fascia  be  metal 
covered.  This  construction  is  a  great 
prorteetion  against  fire  from  adjoin- 
ing buildings. 


Staging  is  a  considerable  item  in 
stucco  work.  It  should  be  substan- 
tial and  safe  and  at  the  same  time 
use  no  needless  material,  nor  should 
it  consume  much  time  in  erection. 

Stages  should  be  about  6'  6"  apart 
so  that  all  parts  of  the  work  can  be 
easily  reached.  Probably  the  most 
used  stage  consists  of  poles  and 
ledgers  with  bearers  to  the  windows 
carrying  the  staging  plank.  A  sim- 
ple and  in  some  localities  a  common- 
ly used  stage  is  constructed  of  single 
poles  with  cross-ledgers  nailed  at 
staging  heights  and  braced.  These 
carry  a  plank  on  each  side  of  the 
pole  and  can  usually  be  leaned 
against  the  cornice  and  tied  to  the 
windows.  This  stage  has  the  advan- 
"tages  of  requiring  less  lumber  and 
leaving  the  wall  free  of  all  obstruc- 
tions. The  poles  can  be  made  up  on 
the  ground  and  brought  to  line  on 
fairly  level  ground  or  easily  spliced 
out  on  an  uneven  surface. 

A  swing  scaffold  is  not  generally 
used  but  some  masons  making  a  spe- 
cialty of  stucco  have  used  with  great 
satisfaction  a  heavy  scaffold  similar 
to  a  painter's  stage.  In  use  the 
scaffold  is  tied  in  to  the  building  to 
enable  the  mason  to  get  the  proper 
push  against  the  wall. 

Workmen  who  are  unaccustomed  to 
the  swing  are  usually  not  in  favor  of 
it. 

MIXING    STUCCO 

Tile  specifications  of  the  Am. 
Concrete  Inst,  which  have  been 
adopted  after  extensive  investigation 
read  in  part:^ 

PREPARATIOX     OF    MORTAB 

Mixinfl — The  insredients  of  the  mortar 
shall  be  thoroughly  mixed  to  a  uniform 
color,  sufficient  water  added  to  obtain 
the  desired  consistency,  and  the  mixing 
shall  continue  until  the  cement  and  lime 
are  uniformly  distributed  and  the  mass 
is  uniform  in  color  and  homogeneous. 

The  hair  or  fiber  shall  be  added  dur- 
ing the  process  of  wet  mixing. 

'Am.  Concrete  Institute.  27  School  St.,  Bos- 
ton 
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Meanurinf  Proportions  —  Methods  of 
measurement  of  the  proportions  of  the 
various  ingredients,  including  the  water, 
shall  be  used  which  will  secure  separate 
uniform  measurements  at  all  times.  All 
proportions  stated  are  l)y  volume.  A 
barrel  of  cement  shall  l)e  assumed  to 
contain  4  cu.  ft.  Lime  when  used  shall 
be  measured  in  the  form  of  putty,  ffy- 
drated  lime  shall  be  made  into  putty  be- 
fore l)eing  measured. 

Qvantity — There  shall  not  be  mixed  at 
one  time  more  mortar  than  will  be  used 
within  one  hour.  Mortar  which  has  be- 
gun to  stiffen  or  take  on  its  initial  set 
shall  not  be  used. 

Hand  Mixinr/ — The  mixing  shall  be 
done  on  a  watertight  jilatform  and  the 
materials  shall  be  turned  until  they  are 
homogeneous  in  appearance  and  color. 

Consistency — The  materials  shall  be 
mixed  so  as  to  provide  sufficient  water 
to  insure  a  proper  bonding  and  a  den,se 
mortar   free  from  voids. 

Relemperinff — Retcmpering  mortar,  i. 
e.,  remixing  with  water  after  it  has  par- 
tially set,  shall  not  be  allowed. 

MORTAB    COATS 

..Plaster — (a)'  The  first  coat  shall  con- 
tain not  more  than  ?y„  parts  of  sand 
to  1  part  of  Portland  cement  by  volume. 
If  lime  putty  is  added,  it  shall  not  be 
in  excess  of  i,^  of  the  volume  of  cement. 
Hair  or  fiber  may  be  added  in  sufficient 
quantity  to  bond  the  mortar. 

'Tlie  first  coat  shall  contain  not  more 
than  2V,  parts  of  sand  to  1  part  of 
Portland  cement  by  volume.  If  lime 
putty  is  added  it  .shall  not  be  in  excess 
of  i/J  of  the  volume  of  cement.  No  hair, 
fiber  or  similar  material  of  any  kind  or 
in  any  quantity  shall  be  added  to  the 
mortar. 

For  second  coat,  the  proportion  of 
sand  to  cement  shall  not  be  greater  than 
9''.,  to  1  by  volume,  nor  shall  more  than 
;  ,  part  of  lime  putty  be  added. 

For  third  coat,  the  proportion  of  sand 
to  cement  shall  not  be  less  than  9  to  1 
nor  more  than  214  to  1,  by  volume,  nor 
.shall  more  than  J/^  part  of  lime  putty 
be  added. 

Application — The  plastering  should  be 
carried  on  continuously  in  one  general 
direction,  without  allowing  the  plaster 
to  dry  at  the  edge.  If  it  is  impossible 
to  work  the  full  width  of  the  wall  at 
one  time,  the  joint  should  be  at  some 
natural  division  of  the  surface,  such  as 
a  window  or  a  door. 

Metal  Lath— (a)  The  first  coat  shall 
be  applied  to  the  outside  of  the  lath 
and  pushed  through  sufficiently  to  give 
a  good  key.  Over  the  faces  of  the  studs 
the  plaster  shall  lie  forced  well  through 
the  lath  in  order  to  fill  entirely  the  space 
between  the  lath  and  the  stud.  The 
backing  coat  shall  be  applied  to  the  back 
of  the  lath  and  shall  be  thoroughly 
troweled  so  that  the  lath  shall  be  en- 
tirely covered.  The  final  coat  shall  be 
applied  to  the  face  of  the  first  coat. 

(b)  The  first  coat  shall  be  applied  to 
the  lath  and  thoroughly  pushed  through 
against  the  inside  waterproofing  so  as 
completely  to  embed  the  metal  of  the 
lath  on  both  sides.  Special  care  shall  be 
taken  to  fill  all  voids  around  furring 
strips  and  where  laths  lap. 


''Applies  to  sheathed  walls  only 


Brick,  Tile  or  Concrete  Block  Surfacet 
^The  first  coat  shall  be  forcibly  and 
thoroughly  troweled  into  the  depressions 
of  the  previously  saturated  surface  so  as 
to  make  a  firm  bond.  Care  shall  be 
taken  to  insure  the  complete  filling  by 
the  mortar  of  all  crevices  and  pores. 

The  intermediate  and  the  final  coat 
shall  l)e  applied  in  order  and  well  trow- 
eled on  to  insure  good  contact  with  pre- 
vious coats. 

Roughing — Soon  after  applying  and  be- 
fore the  initial  set  has  taken  place,  the 
surface  of  the  coats  which  are  to  receive 
succeeding  coats  shall  be  roughened  with 
a  saw-to»thed  paddle  or  other  suitable 
device. 

Dampening  —  Before  applying  mortar 
the  surface  of  the  preceding  coat  shall 
l)e  thoroughly  wetted  to  prevent  absorp- 
tion of  water  from  the  fresh  mortar. 

Thickness  of  Coat — (a)  The  first  coat 
shall  be  at  least  %"  thick  over  the  face 
of  the  lath  and  project  through  behind 
the  lath  about  %".  The  backing  coat 
shall  increase  the  thickness  behind  the 
lath  to  not  less  than  %".  The  final  coat 
shall  be  not  less  than  %"  thick. 

(b)  The  first  coat  shall  have  a  mini- 
mum thickness  over  the  lath  at  any  point 
of  not  less  than  %".  The  intermediate 
coat  shall  have  a  thickness  of  not  less 
than  li"  or  more  than  %".  The  final 
coat  shall  have  a  thickness  of  W  when 
placed  over  an  intermediate  coat,  or  of 
3/„"  when  placed  directly  on  the  scratch 
coat. 

Drying  Out — The  final  coat  shall  not 
be  permitted  to  dry  out  rapidly  and  ade- 
quate precaution  shall  be  taken,  either 
by  sprinkling  frequently  after  the  mor- 
tar has  set  hard  enough  to  permit  it  or 
by  hanging  wet  burlap  or  other  material 
over  the  surface. 

Freezing — Stucco  should  never  be  ap- 
plied when  the  temperature  is  below 
freezing. 

FINISH 

Smooth  Trmceled — The  finishing  coat 
shall  be  troweled  smooth  with  a  metal 
trowel  with  as  little  rubbing  as  possible. 

Stippled — The  finishing  coat  shall  be 
troweled  smooth  with  a  metal  trowel  with 
as  little  rubbing  as  possible,  and  then 
shall  be  lightly  patted  with  a  brush  of 
broom  straw  to  give  an  even,  stippled 
surface. 

Sand  Floated. — The  finishing  coat,  af- 
ter being  brought  to  a  smooth,  even  sur- 
face, shall  be  rubbed  witih  a  circular 
motion  of  a  wood  float  with  the  addition 
of  a  little  sand  to  roughen  the  surface 
slightly.  This  floating  shall  be  done 
when  the  mortar  has  partially  set. 

Sand  Sprayed.  —  After  the  finishing 
coat  has  been  brought  to  an  even. surf  ace, 
it  shall  be  sprayed  by  means  of  a  wide, 
long  fibre  brush — a  whisk-broom  does 
very  well — dipped  into  a  creamv  mix- 
ture of  equal  parts  of  cement  and  sand, 
mixed  fresh  every  30  min.  and  kept 
well  stirred  in  the  bucket  by  means  of 
the  whisk-broom  or  a  paddle.  This  treat- 
ment-shall  be  applied  while  the  finishing 
coat  is  still  moist  and  before  it  has  at- 
tained its  final  set,  i.  e.,  within  3  hrs.  to 
5  hrs.  To  obtain  lighter  shades  add  hy- 
drated  lime  of  5%  to  15%  of  the  volume 
of  the  cement. 

Splatter  Dash  or  Rough  Oast. — After 
the  finishing  coat  has  been  brought  to  a 
smooth,  even  surface  and  before  attain- 
ing final  set,  it  shall  be  um'formly  coated 
with  a  mixture  of  1  part  cement  and 
2  parts  of  sand  thrown  /  forcibly  against 
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a  to  produce  a  rough  surface  of  uni- 
form texture  when  viewed  from  a  dis- 
tance of  20'.  Special  care  shall  be  taken 
to  prevent  the  rapid  drying  out  of  this 
finish. 

Pebble  Dash — After  the  finishing  coat 
has  been  brought  to  a  smooth,  even  sur- 
face, and  before  attaining  initial  set, 
clean  round  pebbles  of  other  materail  as 
selected,  not  smaller  than  %"  or  larger 
than  %",  previously  wetted,  shall  be 
thrown  forcibly  against  the  mortar  so  as 
to  embed  themselves  in  the  fresh  mortar. 
They  shall  be  distributed  uniformly  over 
the  surface  of  the  final  coat  and  may  be 
pushed  back  into  the  mortar  with  a  clean 
wood  trowel,  hut  no  rubbing  of  the  sur- 
face shall  be  done  after  the  pebbles  are 
embedded. 

Exposed  Aggregates — The  finishing  coat 
shall  be  composed  of  an  approved,  select- 
ed coarse  sand,  marble  dust,  granite  dust 
or  other  special  material,  in  the  propor- 
tion given  for  finishing  coats  and  within 
24  hrs.  after  being  applied  and  trowel- 
ed to  an  even  surface,  shall  be  scrubbed 
with  a  stiff  brush  and  water.  In  case  the 
cement  is  too  hard  a  solution  of  1  part 
hydrochloric  acid  in  i  parts  of  water 
by  volume  can  be  used  in  place  of  water. 
After  the  aggregate  particles  have  been 
imiformly  exposed  by  scrubbing,  particu- 
lar care  shall  be  taken  to  remove  all 
traces  of  the  acid  by  thorough  spraying 
with  a  hose. 

Mortar  Colors — When  it  is  required 
that  any  of  the  above  finishes  shall  be 
made  with  colored  mortar,  not  more  than 
6%  of  the  weight  of  Portland  cement 
shall  be  added  to  the  mortar  in  the  form 
of  finely  ground  coloring  matter. 

A  predetermined  weight  of  color  shall 
be  added  dry  to  each  batch  of  dry  fine 
aggregate  before  the  cement  is  added. 
The  color  and  the  fine  aggregate  shall  be 
mixed  together  and  then  the  cement  and 
the  lime  mixed  in.  The  whole  shall  then 
be  thoroughly  mixed  dry  by  shoveling 
from  one  pile  to  another  through  a  ^-in. 
mesh  wire  screen  until  the  entire  batch 
is  of  uniform  color.  M'ater  shall  then 
be  added  to  bring  the  mortar  to  a  proper 
plastering  consistency. 

The  accompanying  illustrations 
suggest  the  possibilities  of  stucco  as 
a  modernizing  agent  for  old  build- 
ings, this  field  opens  the  wav  to  a 
source  of  work  that  should  readily 
be  secured  by  intelligent,  active 
solicitation  backed  by  expert  work- 
manship. 

Figs.  1  and  2  show  the  Alta  State 
Bank.  Alta,  la.,  as  modernized  bv  P. 
P.  Comoli"  who  describes  the  work 
as  follows: 

The  building,  as  shown  in  Fig.  1,  is  a 
frame  structure  veneered  with  common 
brick,  erected  about  30  yrs.  ago.  The 
window  caps  are  of  concrete  applied  to 
the  brick   at   a  later   date. 

The  improvements,  as  shown  in  Fi."'. 
9,  consist  of  new  windows,  cornice  and 
belt  course  molded  in  place,  and  stucco. 
After  the  windows  had  been  remodeled 
pilasters  were  built  of  brick  with  cast 
stone  bases  and  caps.  The  space  over 
the  windows  and  the  cornice  and  belt 
course  were  built  roughly  to  shape  with 
brick.  Concrete  window  sills  and  coping 
were  cast  in  place  and  the  brick  work 
of  the  old  cornice  trimmed  to  the  neces- 
sary level  to  receive  stucco. 

Stucco  was   applied  in  two  coats,  the 
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Fig.  3 — .\x  Old  Brick  House  Before  and  Aiti.r    Xpply 


second  coat  being  manipulated  so  as  to 
show  the  desired  letters  and  ornaments. 
.\11  ornamental  jvork  is  flush  and  is  of 
the  same  stucco  as  the  body  of  the 
work.  No  coloring  matter  is  used,  the 
different  colors  and  shades  being  secured 
entirely  by  the  surface  manipulation  of 
the  stucco  after  it  is  spread  and  while 
still  soft. 

Next  the  entire  building  except  pilas- 
ters, designs  and  the  space  below  the 
first  story  window  sills  was  given  a  coat 
of  rough-cast  stucco.  The  pilasters  were 
finished  after  the  application  of  the  sec- 
ond coat,  by  scraping  them  at  the  right 
stage  to  expose  the  aggregate. 

The  light-colored  trim  is  secured  by 
adding  water  to  the  light  portions  with 
a  brush  soon  after  this  stucco  is  applied 
and  rubbing  with  a  wood  float.  In  this 
manner  several  shades  can  be  produced 
by  the  skilled  worker.' 

In  Fig.  3  is  shown  an  old  brick 
house  modernized  and  made  attrac- 
tive through  the  use  of  stucco  and 
the  addition  of  a  sun  parlor. 


Is   This  the   Oldest   Concrete 
Arch  Bridge  in  America? 

The  accompanying  illustration 
shows  a  concrete  arch  bridge  three 
miles  from  Rock  Rapids,  la.  This 
bridge  replaced  a  number  of  earlier 
bridges  destroyed  by  washouts  and 
fires.  The  cost  is  unknown,  but  it  was 
])ut  in  for  the  same  price  that  the 
township  would  have  paid  for  a  wood 
pile  bridge  for  the  reason  that  the 
contractors.  The  Hewitt  Co.,^  wished 


'See  detailed  description  in  Conxretf,  .Xpr., 
1914 
'Minneapolis 


to  try  out  this  type  of  structure  ex- 
perimentally. 

The  bridge  was  built  in  1897,  im- 
ported cement  being  used.  It  is  not 
known  just  how  the  bridge  is  rein- 
forced. As  will  be  seen  by  the  illus- 
tration the  arch  is  o{  concrete  with 
stone  spandrels  and  posts  and  an 
iron  pipe  rail.  Not  a  dollar  has 
been  spent  for  repairs  to  the  bridge, 
outside  of  necessary  grading  of  the 
road  surface. 

It  will  be  remembered  by  many 
that  Concrete  recently  described  an 
arch  bridge  constructed  by  James 
W.  Pearl.-  in  1892,  which  antedates 
this  structure  by  5  years. ^  The 
bridge  built  bj'  Mr.  Pearl  was.  how- 
ever, destroyed  to  make  way  for  oth- 
er improvements  so  that  it  is  pos- 
sible that  the  Rock  Rapids  bridge  is 
the  oldest  existing  concrete  arch. 
This  magazine  would  like  to  receive 
information  as  to  older  structures,  if 
thev  exist. 


Considering  the  various  types  of 
reinforcement  now  on  the  market  it 
is  a  difficult  proposition  to  select  the 
best,  and  generally  the  selection  is 
determined  by  the  price  submitted  by 
the  commercial  engineers  bidding  un- 
der sub-contract  to  furnish  the  steel 
reinforcing.  To  a  certain  extent  this 
method  is  dangerous  but  it  is  hard 
to  suggest  a  remedy.  Individual  pre- 
ference and  experience  are  always  a 
verj'  large  element. 

-Engr.,  Chicago 
=Aug..  1915,  p.  75 
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Developments  in  Operation  of  Factory 
Making  Structural  Tile 


By  Harvey  Whipple 


is  mechanically  gauged  and  adjusted 
by  means  of  gears  operating  worms, 
one  at  the  bottom  of  each  of  the 
two  hopper  compartments,  the  stone 
and  sand  feeding  to  a  It-in.  Levia- 
than canvas  bclt=  200'  long,  which 
carries  the  material  to  the  top  of 
the  plant  to  a  screen  which  rejects 
the  few  over-size  particles  and 
passes  the  aggregates  to  a  large 
hopper  abo\e  the  mixer.    For  the  10- 


In   developing  the   factory   opera- 
tion of  the  Delta  Hrick  «:  Tile  Co.. 
Detroit,  with  the  Eberling  machine.' 
in   an   effort   to  meet  a  demand   for 
its  structural  tile,  which  has  been  far 
in  excess  of  the  production,  some  in- 
teresting  details    have   been   worked 
out   by   the   general  manager,   S.   H. 
Wightman,  and  some  arc  still  being 
worked   out  to  be  put  into  effect  in 
the   new    10-machine   factory   which 
is  to  be  erected  in  the  near  future. 
The  factory  and  operations  of  the 
company     were     described     by     the 
writer    in    the    Feb.,    lf)15,   issue   of 
this    magazine.      At    that    time,    the 
factory   had   been   in    operation   less 
than   6  mos.  with  one  machine  hav- 
ing a   capacity   of    lt'.400   tile   units 
per   10-hr.  da.     That  these  notes  on 
the   development   of   equipment   and 
operations    may    be    more    valuable, 
the    operations    are   here    briefly    re- 
viewed,   as    previously    described    in 
connection  with    the    new   features. 
At   this   time   two   machines    are    i" 
operation;   three  more  machines  are 
under  construction  and  it  is  proposed 
within  the  present  year  to  add  eight 
machines    in    all — making    a    10-ma- 
chine  plant. 

THE    TILE    UNIT 

The  tile  manufactured  is  hollow, 
with  walls  about  1"  thick,  the  size 
of  the  basic  unit  being  5"  x  4"  x 
12",  the  exposed  face  as  laid  in  the 
wall  being  5"  x  12".  The  machine 
makes  four  of  these  tile  at  one  op- 
eration or  by  an  adjustment  ot 
knives  and  plungers,  which  divide, 
shape  and  compress  the  concrete, 
each  operation  will  produce  two  tHi 
5"  X  S"  X  12";  one  tile  5"  x  M" 
X  12"  and  one  5"  x  4"  x  12"  or 
one  tile  5"  x  l6"  x  12".  The 
freater  portion  of  the  output  is 
in  units  5"  x  8"  x  12".  equivalent 
as  laid  in  the  wall  to  6.4  common 
brick.  So  one  machine  making 
7.200  of  this  size  produces  the 
equivalent  of  46,000  brick  per  da. 

.\GGREG.\TES 

The  aggregates  used  are:  dolo- 
mite screenings,  up  to  l^"  with  all 
fines  out  and  deep  dredged  lake 
sand  passing  a  lo'i"-  screen.  The 
mixture  is  usually  1  part  cement,  2 

'Eberling  Machy.   Co..   Cleveland 
June,  1916 


(U  Upper  Left— General  view  of  the  factory,  showing  two  tile  machines  just 
below  the  edge  of  the  balconv  or  partial  second  floor  on  which  imxer  operates  and 
abo?e  l^iehfement  and  aggregated  are  delivered.  (2)  ^'VV^^  ff'-^'l'^-X^^, 
vevor  delivering  cement  in  bags  on  pallets  from  railway  car  to  factory  (3)  M'ddle 
Left-Cement  being  delivered  on  gravity  conveyor  to  mixer  man;  the  aggregate 
chute  from  screen  and  conveyor  belt  and  the  hopper  are  shown  at  extreme  left 
(4)  Middle  Right-Coarse,  deep-dredged  lake  sand  being  unloaded  by  clamshell 
from  barge  onto  factory  property.  (5)  Lower  view  shows  rear  of  P^Perty  /ro/n 
factory  roof;  the  hou.-ing  of  the  belt  conveyor  for  aggregates  is  shown  at  the 
extreme  right. 


parts  sand  and  2l/4  P^rts  screenings. 
These  are  handled  separately  by 
shovels  and  wheelbarrows  into  sepa- 
rate compartments  of  a  hopper  in 
the  plant  yard.      The  proportioning 


machine  factory  when  completed 
hand  work  on  aggregates  will  be 
eliminated.    Stone  will  be  shipped  in 


=Main   Belting  Co.,  Philadelphia 
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Fig.  6 — Details  of  N'ew  Steel  and 
Wood  Pallet 

dump-bottom  cars  emptying  directly 
into  a  two-car  capacity  hopper  feed- 
ing directly  to  the  belt  conveyor. 
Sand  will  also  be  unloaded  directly 
into  a  hopper.  It  is  now  delivered 
by  boat  and  unloaded  by  clam-shell 
to  a  stone  pile  to  be  re-shoveled. 

HANDLING   CEMENT 

Cement  which  is  delivered  in  cars 
on  a  railway  trestle  above  the  sec- 
ond floor  level  was  at  first  unloaded 
by  truck  and  piled  on  the  second 
floor.  One  development  came  with 
the  increase  of  output  to  the  point 
where  about  1  car  of  cement  was 
used  each  day.  The  cement  car  now 
stands  all  day  beside  the  factory 
and  one  laborer  gives  about  one-half 
his  time  to  unloading  by  means  of 
a  gravity  carrier.^  The  carrier  ex- 
tends from  the  mixer  to  the  car  and 
carries  the  cement  on  pallets  4  bags 
at  a  time  down  a  very  gentle  grade 
to  the  very  elbow  of  the  mixer  man. 
This  man  sees  that  the  aggregate 
feed  does  not  clog  and  keeps  the 
cement  hopper  filled,  dumping  and 
shaking  the  bags  that  come  within 
reach  and  piling  them  onto  a  bag 
bundler^  about  two  paces  from  the 
mixer,  in  which  they  are  counted 
and  fastened  in  bundles  of  .'JO. 

MIXING  AND   MOLDING 

The  continuous  mixer,  which 
stands  on  the  second  floor  level,  was 
specially  built  and  has  proved  satis- 
factory in  maintaining  positive  pro- 
portions and  in  giving  long  and 
thorough  mixing,  made  possible  by 
an  unusually  large  number  of  pad- 
dles    and     by     the     length     of    the 

'Mathews  Gravity  Carrier  Co.,  Elwood,  Pa. 
'Faeberhill  Mfg.  Co.,  Cleveland 


Fig.  7 — Chite  from  Mixer;  Plate  Di- 
viding Flow  of  Concrete  Betoeen  Hop- 
per AND  Belt  is  Controlled  bt  Rod 
Within    Reach   of   Machine    Operator 

trough.  The  mixed  concrete  feeds 
to  a  hopper  above  the  tile  machine 
which  stands  on  ground  floor  level. 
At  this  time,  with  two  machines,  the 
flow  of  mixed  concrete  is  divided  by 
a  metal  plate  below  the  spout,  so 
that  one-half  of  the  concrete  falls 
into  the  hopper  of  the  machine  im- 
mediately below  and  one-half  drops 
onto  a  rubber  belt,'  which  carries  it 
forward  to  the  hopper  of  the  second 
machine.  In  a  new  plant,  the  de- 
tails of  which  are  now  being  worked 
out,  two  larger  mixers  will  be  em- 
ployed to  serve  10  machines  by 
means  of  belt  conveyors. 

In  the  operation,  tlie  surplus  con- 
crete shoved  out  by  knives  and 
plungers  in  forming  the  tile,  drops 
through  the  table  of  the  machine  to 
a  rubber  belt'  in  a  pit  below  the 
machine,  from  which  it  is  lifted  to 
be  deposited  when  at  a  proper 
height,  on  a  return  belt  which  re- 
delivers it  to  the  machine  hopper. 


The    tile    have    been    molded    on 
wood    pallets    which    have    sides    of 

=B.   F.  Goodrich  Co.,   Akron,  Ohio 


such  height  that  racks  are  not  used 
on  cars  but  pallets  are  piled  one  on 
another.  Wood  pallets  have  deteri- 
orated rapidly  and  been  reduced  in 
comparatively  short  time  to  a  soft, 
]iunky  consistency.  They  have 
warped,  splintered  and  cracked,  re- 
sulting in  a  rather  high  percentage 
of  tile  breakage.  This  experience 
led  the  Delta  Brick  &  Tile  Co. 
to  the  design  of  a  pressed  steel 
pallet"  with  sides  of  hard  wood,  as 
shown  in  the  accompanying  details. 
The  steel  and  the  wood  parts  are 
being  assembled  at  the  Delta  fac- 
tory, the  net  cost  on  the  first  lot 
being  about  50  cts.  each.  A  second 
lot  will  undoubtedly  reduce  tliis  fig- 
ure by  20%.  These  new  pallets  are 
now  being  treated  in  a  steam  heated 
bath  of  kerosene  and  paraflin  oil. 

CURING 

Tile  as  removed  from  the  machine 
on  pallets  are  piled  on  simple  cars 
with  plank  decks  for  removal  to  the 
curing  rooms,  which  have  been  sup- 
plied with  moisture  and  heat  by 
steam  at  5  lbs.  pressure  from  a  per- 
forated pipe  on  the  floor  at  the  cen- 
ter of  each  kiln. 

The  desirability  of  at  least  48 
hrs.  curing  in  these  rooms,  in  the 
face  of  a  demand  for  tile  which  ne- 
cessitated more  rapid  and  economical 
methods,  prompted  experiments  now 
being  made  with  a  blower  apparatus^ 
to  effect  more  rapid  curing  by  con- 
stantly re-heated  atmosphere  with  a 
maximum  of  moisture.  As  now  be- 
ing installed  this  apparatus  is  merely 
diagrammed,  not  detailed,  in  the  ac- 
companying sketch. 

Instead  of  doors  at  both  ends  the 
new  experimental  curing  room  has 
one  dead  end — the  end  at  the  right 
in  the  diagram.  It  is  built  to  ac- 
commodate a  string  of  loaded  cars 
fitting  close  all  around,  giving  a 
minimum  of  waste  space  above  and 
at  the  sides  of  the  cars.  The  tile 
are  so  piled  on  the  cars  that  their 
cored  centers,  when  cars  are  placed 
end  to  end,  form  a  series  of  tubes 
the  entire  length  of  the  curing  room. 
At  the  dead  end  of  the  room  is  a 
metal  hood  covering  the  end  of  the 

"Atlas  Car  &  Mfg.  Co.,  Cleveland 
'Buffalo  Forge  Co.,  Buffalo,  N.  Y. 
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Fig.  8 — Diagram  Showing  N'ew  Cubing  System 
[270] 
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tile  load.  Anotlier  metal  hood  on 
the  door  of  the  room  is  so  construct- 
ed that  when  the  door  is  closed  it 
covers  the  ends  of  the  tiles.  Steam 
at  150  lbs.  pressure  (this  is  thus  far 
"tentative  and  experimental)  and  a 
water  spray  are  both  admitted  to  a 
heated  cliamber,  from  which  a  pow- 
erful fan  forces  the  hot  moisture- 
laden  air  into  the  curing  room 
through  a  l6-in.  metal  pipe  to  the 
hood  at  the  door  end  of  the  curing 
room.  Instead  of  spreading  out  the 
heat  and  the  moisture  around  and  on 
the  products,  as  in  most  curing 
rooms,  tlie  idea  of  this  experimental 
installation  is  to  take  advantage  of 
the  nature  of  tlie  product  in  afford- 
ing a  series  of  tubes,  by  forcing  the 
heat  and  moisture  through  as  well 
as  around  the  products,  and  pulling 
back  the  partially  cooled  moisture  to 
be  rc-hcatcd  and  rc-humidified. 
The  drip,  from  the  condensation  of 
the  returned  moisture  will  be  re- 
turned to  the  boiler,  thus  saving  ma- 
'terially  in  heat  necessary  by  avoid- 
ing the  heating  of  a  new  supplv  of 
moisture.  In  this  vray  it  is  pro- 
posed to  make  effective  a  high  per- 
centage of  the  heat  and  moisture 
utilized,  rather  than  wasting  it.  as 
in  many  curing  rooms.  This  will  be 
done  by  a  rapid  re-circulation  of  a 
relatively  small  amount  of  air,  and 
'by  conveying  the  moisture  with  small 
heat  losses  from  absorption  and  ra- 
-  diation-. 

GRAVITY  COXVEVORS 

Gravity  conveyors  have  been  used 
very  extensively.  Wlien  cars  of 
cured  tile  are  removed  from  the  cur- 
ing rooms  after  24  hrs.  they  are 
moved  on  transfer  tracks  and  a  turn- 
table to  secondary  curing  rooms. 
The  building  containing  these  rooms 
has  only  recently  been  erected.  It 
is  built  of  the  concrete  tile,  afford- 
ing good  heat  insulation.  This 
building  is  heated  in  winter  with  a 
very  small  supply  of  moist  steam 
tind  has  capacity  for  750,000  tile. 
Tile  are  unloaded  by  gravity  car- 
riers from  ears  to  these  rooms  and 
from  them  are  loaded  by  gravity 
-carriers  to  motor  trucks  or  railway 
-cars. 

Two  lots  of  cars  of  different 
■gauge  have  necessitated  three  rails 
to  accommodate  two  widths  of  track. 
The  arrangement  of  tracks,  turn- 
table, cross-over  and  transfer  are 
■shown  in  the  accompanying  illustra- 
tions from  photographs.  By  having 
two  sets  of  tracks  alongside  the  sec- 
ondary curing  rooms,  there  are  no 
delays  and  men  can  be  kept  at  a  job 
■of  unloading  cars  from  the  steam 
rooms  until  the  job  is  done  for  the 
:ftme,  1916 
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day.  The  empty  pallets  come  back 
on  a  car  by  gravity,  the  track  having 
just  enough  grade  to  return  the  car 
to  tiic  proper  place  in  the  factory 
for  unloading  and  re-using  pallets 
at  the  machine.  The  car  on  the 
other  track  from  which  the  tile  are 
unloaded  is  light  enough  wlien  empty 
to  be  picked  up  and  lifted  to  the  re- 
turn track,  where  it  is  ready  in  turn 
for  its  load  of  empty  pallets  from 
the  next  car  of  tile. 

NEW    DESIGX    OF    CAR 

The  cars  in  use  have  not  been  sat- 
isfactory. Not  only  have  wood  and 
metal  deteriorated  rapidly  but  the 
beams  of  the  car  on  which  the  load 
bears  were  placed  so  wide  apart  as 
to  put  an  excess  of  load  in  the  cen- 
ter. This  has  depressed  the  plank 
decks  and  resulted  in  damage  to  tile 
through  uneven  bearing.  Mr.  Wight- 
man  has  designed  a  new  car  with 
deck  and  beams  of  reinforced  con- 
crete, which  will  distribute  the  load 
evenly  and  which  is  expected  to  give 
much  longer  service.  It  is  shown  in 
the   accompanying  details. 

UNLOADING    DEVICE 

Cars  will  not  play  so  big  a  part 
in  the  factory  operations  when  the 
new     10-machine     factory    is     built.. 


Fig.  11 — Doviu-i:   Ti;.,  i.   -,>ii  m   im;  (  )ut- 

GOING  AND   IncOIING   LARS   BETWEEN    FAC- 
TORY ANT)  Secondaey  Cubing  Rooms 


Every  possible  step  has  been  taken 
to  reduce  manual  labor.  This,  it  is 
expected,  will  be  greatly  reduced  in 
the  operation  of  a  car  unloading  de- 
vice now  being  built.  This  will  un- 
load cars  as  they  come  from  the  first 
curing  room,  lifting  an  entire  tier  of 
tile  at  a  time,  raising  this  load  to  a 
height  of  about  30'  above  the  fac- 
tory floor,  and  turning  it  completely 
over  so  as  to  place  the  tile  on  a 
gravity  conveyor  and  by  another 
movement  placing  the  pallets  on  an- 
other gravity  conveyor  for  return  to 
the  machines.  The  tile  will  roll  by 
gravity  to  the  secondary  curing 
rooms,  the  stream  of  tile  being  di- 
verted to  any  one  of  the  small  rooms 


4-i' 


/"///7f/e-^~. 


\^a-i.-^ 


-3-6'- 
■  4--C- 


■^E-C—^ 


I    Tfein/orced  Concr<rie  3oc^y  ~)  . 


I'iG.  12 — Details  of  New  Cab;  the  Entj 
Section,  Below  is  Drawn  Twice  the 
Scale  of  Plan  and  Side   Elevation 

md  the  flow  guided  by  a  man  in 
charge  at  that  end.  As  the  starting 
point  will  be  at  a  high  level,  the 
tile  will  be  delivered  under  suflicient 
head  so  that  a  steel  chute  in  which 
the  conveyor  will  terminate  may  be 
raised  as  successive  tiers  are  placed. 
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In  connection  with  the  unloading 
device  an  electrically  operated  trans- 
fer car  will  be  used  which  will  shove 
the  cars  on  and  off  curing  room 
tracks. 

The  development  of  the  factory 
has  been  purely  a  quantity  proposi- 
tion ever  since  Mr.  Wightman  made 
an  elaborate  series  of  experiments 
and  trials  to  arrive  at  the  best  pro- 
portions and  quantities  of  materials 
to  give  the  densest  possible  con- 
crete, and  in  a  consistency  to  be 
manipulated  success  fulh-  in  the  ma- 
chine. 

The  machine  itself  is  being  im- 
proved by  the  manufacturers  profit- 
ing by  the  experience  of  the  Delta 
plant  and  it  is  expected  that  the 
machine  with  which  the  new  Detroit 
factory  will  be  equipped  will  have 
greater  capcity;  wearing  parts  more 
readily  replaceable  and  by  slightly 
different  arrangement  of  cores,  give 
a  product  of  greater  strength  and 
stability. 

The  success  of  the  plant  in  the 
Detroit  field  has  been  phenomenal. 
Between  Feb.  1  and  June  1  the  com- 
pany had  orders  for  6,750.000  tile 
units  or  considerably  more  than  dou- 
ble the  output  in  that  period  based 
on  getting  maximum  capacity  out  of 
both   machines. 

This  business  has  been  built  up 
against  prejudice,  on  the  basis  of  a 
quality  unit  sold  at  such  a  price  that 
it  could  be  laid  in  the  wall  consid- 
erablv  cheaper  than  common  brick. 
to  which  it  is  now  preferred  by  nu- 
merous architects  and  builders. 

The  Eberling  tile  has  met  wHh 
the  approval  of  architects  and  build- 
ers because :  there  is  a  saving  in  labor 
and  mortar  in  laying  up ;  it  has  good 
load-carrying  capacity ;  it  affords 
good  mortar  and  stucco  bond;  good 
insulation  is  provided  by  the  multi- 
ple coring — a  12-in.  wall  having  5 
air  spaces. 


A  Products  Manufactur- 
er's Sales  Campaign 

A  products  manufacturer  in  the 
center  of  a  fairly  prosperous  farm- 
ing community  bought  an  outfit^  to 
make  concrete  fence  posts.  He  made 
a  lot  of  good  posts  and  piled  them 
in  his  yard.  They  stayed  there. 
Nobody  in  particular  knew  he  was 
making  good  concrete  posts.  So  no- 
bod  v  came  to  buy. 

Then  one  dav  somebody  came 
along  with  an  idea  and  here's  the 
way  it  worked  out: 

The    products    manufacturer    put 

•Staple  Post  Mold  Co.,  Westerville,   Ohio 
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three  posts  in  the  back  of  his  car 
and  went  out  to  call  on  prosperous 
farmers  in  his  count}'.  He  drove 
into  one  farm  gate  after  another 
and  asked  the  farmer  if  he  didn't 
find  that  wood  fence  posts  went  to 
pieces  rather  fast;  showed  him  the 
posts  he  brought  along;  got  him  in- 
terested in  the  idea  of  using  a  ma- 
terial that  would  si  ly  put,  and  as  he 
drove  away  he  told  the  farmer  to 
drive  in  to  his  factory  some  day  and 
he'd  give  him  10  posts  for  a  trial. 
The  products  manufacturer  called  on 
-20  farmers,  scattered  all  over  the 
county,  and  then  he  went  back  to 
his  work.  One  by  one  the  20  farm- 
ers came  in  to  the  factory,  each  to 
get  his  10  posts.  Incidental,  but 
very  important  in  this  sales  cam- 
paign, is  the  fact  that  the  farmer 
saw  the  posts  in  the  making  and 
also  saw  other  concrete  products, 
feeding  boxes,  watering  troughs, 
building  units,  vases.  The  products 
manufacturer  reminded  each  farmer 
before  he  drove  away  of  the  one  con- 
dition attached  to  the  gift  of  10 
posts — that  they  be  put  into  use  at 
once,  with  wire  strung  on  them.  The 
P.  M.  suggested  that  if  the  farmer 
could  use  the  posts  along  the  front 
of  his  property  it  would  not  only 
improve  the  front  but  would  be  a 
better  advertisement  for  the  post, 
and  of  course  the  P.  M.  told  the 
farmer  very  frankly  that  his  object 
was  advertising.  When  a  farmer  got 
home  with  his  posts  he  replaced  a 
rotten  wooden  post  here  and  another 
one  farther  on  and  so  on.  and  fas- 
tened his  wires.  He  was  impressed 
by  the  fact  that  the  few  trim,  sub- 
stantial concrete  posts  looked  so 
good  that  the  old  wood  posts  looked 
very  bad  in  comparison.  As  time 
went  on,  the  comparison  was  more 
marked.  Eventually  he  went  in  and 
bought  more  concrete  posts  to  finish 
out  a  line  and  make  it  all  look  uni- 
formly good. 

To  come  quickly  to  the  moral  of 
this  true  story,  it  must  be  recorded 
that  the  products  manufacturer  gave 
away  about  200  posts — total  actual 
cost  to  make  less  than  $40.  He  got 
20  prosperous  farmers  to  come  and 
see  his  factory.  Every  one  of  the 
20  became  a  customer — buying  not 
merely  posts  but  buying  other  con- 
crete products,  the  existence  of 
which  in  his  o^vn  locality  he  other- 
wise miffht  never  have  known.  And 
that  isn't  all.  In  having  a  trim,  or- 
derly factory  to  show,  the  products 
manufacturer  did  a  lot  to  build  up 
a  general  confidence  in  the  things 
he  made.  When  he  introduced  20 
farmers  to  his  plant  and  showed 
them  what  and  how  things  were 
made   there,  he   set   loose   20   casual 


salesmen — so  that  20  customers  were 
multiplied  by  the  number  of  their 
friends  and  acquaintances  and  also 
by  the  passers-by  who  saw  that 
Jones,  a  prosperous  farmer,  had  re- 
placed his  wood  posts  with  concrete. 


Soap-and-Alum  Water- 
proofing 

The  soap-and-alum  process  in  wat- 
erproofing has  been  used  frequently 
by  engineers  of  the  War  Depart- 
ment. It  is  described  in  the  190I 
report  of  the  Chief  of  Engrs.,  U.  S. 
Armj',  as  follows: 

The  soap-and-alum  (Sylvester) 
process  was  used  in  "waterproof 
mortar"  and  applied  to  both  hori- 
zontal and  exposed  vertcial  surfaces. 
This  mortar  was  made  by  taking  1 
part  cement  and  ZVo  parts  sand  and 
adding  thereto  %  lb.  of  pulverized 
alum  (dry)  to  each  cu.  ft.  of  sand, 
all  of  which  was  first  mixed  dry, 
then  the  proper  amount  of  water- 
in  which  had  been  dissolved  about 
%  lb.  of  soft  soap  to  the  gal.  of 
water — was  added  and  the  mixing 
thoroughly  completed. 

The  mixture  is  a  little  inferior  in 
strength  to  ordinary  mortar  of  the 
same  proportions  and  is  impervious 
to  water,  and  is  also  useful  in  pre- 
venting efflorescence.  The  alum  is 
in  excess  for  the  reason  that  it  co- 
agulates other  things  than  soap  that 
may  come  to  it. 

The  process  was  applied  in  con- 
nection with  concrete  construction  in 
fortifications  at  New  York  Harbor. 
Similar  treatment  is  known  to  have 
been  used  somewhat  extensively  else- 
where in  work  of  like  character. 


Concrete  Paving  Leads  in 
Seven    States 

Figures  compiled  by  Municipal 
Journal  show  that  in  the  following 
Central  states — Ind.,  111.,  la.,  Mich., 
Minn.,  !Mo.  and  Wis.,  concrete  leads 
as  a  paving  material,  as  shown  by 
the  table : 

1914  1915 

Yardage  Yardage 

1  Toncrete    2,600.39(1  2,<I83.199 

2  Brick  or  clav  block 2.482.292  1,907,882 

3  Sheet  asphalt    2.0C4.389  2.657.630 

4  Bit.  concrete    1,214.510  1,916,732 

5  Bit.  macadam   930.232  819,397 

6  Creosote  wood  block...    907.749  427,551 

7  Gravel    523,753  563,872 

8  Waterbound  macadam.    393,035  571,014 

9  Granite    or    sandstone 

block   215.032         129,082 

10  Bitulithic     150.446         321,56» 

11  Concrete  with  hit.  top.    117,200       172,659 


The  big  feature  in  modern  build- 
ing is  concrete.  The  construction 
tower  is  a  feature  of  every  city  and 
a  mark  of  a  town's  prosperity. 
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Splicing  Reinforcing  in  Heavy  Cir- 
cular Construction  n  o  n 


The   Following  Question   is   Dis- 
cussed By: 

C.  A.  Sampson' 
W.  C.  PoLK= 

N.  P.  Winchell' 

E.    K.    CONKLIN* 

J.  R.  Worcester" 
L.  C.  Wason" 

"Taking  into  consideration  econ- 
omy of  materials,  what  is  the  best 
method  of  splicing  reinforcing  bars 
in  heavy  circular  construction?  Do 
you  consider  the  use  of  mire  rope 
clips  economical  for  this  work?" 


By  Mr.  Sampson 

As  to  the  relative  merits  of  bond- 
"ing  reinforcement  in  circular  con- 
•crete  structures,  I  can  assure  you 
Ihat  this  subject  is  open  to  many 
opinions.  For  actual  tests  of  the 
efficiency  of  the  use  of  clips,  I  would 
refer  vou  to  Transactions  of  the  Am. 
Soc.  of  C.  E.,  igi-t.  Vol.  77,  p. 
1,056.  Tests  were  also  conducted 
l)y  the  Watertown,  Mass.,  Arsenal  in 
connection  with  the  Attleboro,  Mass., 
standpipe,  which  proved  that  two 
clips  properly  secured  develop  the 
full  working  strength  of  ll/o-in. 
round  rods.  In  the  construction  of 
circular  concrete  structures  of  con- 
siderable size  which  require  closely 
spaced  horizontal  reinforcement  and 
necessitate  pouring  in  successive 
rings,  it  does  not  always  happen  that 
the  day's  work  can  be  ended   at  a 
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point  at  which  the  last  horizontal 
reinforcing  rod  embedded  and  the 
one  to  be  embedded  on  tlie  succeed- 
ing day  will  be  sufficiently  surround- 
ed with  monolithic  concrete  to  de- 
velop the  full  tensile  strength  of  the 
bar  where  lap  alone  is  relied  upon 
for  splicing  and  it  is  for  this  reason, 
as  well  as  to  overcome  the  uncer- 
tainty of  concrete  construction,  that 
I  would  recommend  the  use  of  clips 
on  important  structures.  If  two 
clips  (Crosby'  or  equal)  have  been 
tested  to  give  the  full  strength  of 
the  reinforcement,  there  would  seem 
no  good  reason  to  use  three  or  four 
clips,  as  has  been  done,  especially 
since  the  bond  between  steel  and 
concrete  is  worthy  of  some  consid- 
eration, even  under  the  most  unfav- 
orable conditions. 

By  Mr.  Polk 
We  have  had  no  experience  along 
this  line,  but  believe  it  would  be 
rather  expensive  and  perhaps  not  so 
positive  as  the  practice  of  lapping 
the  steel,  which  we  have  always 
done,  and  have  never  experienced 
any  trouble. 

By  Mr,  Winchell 

Our  experience  would  lead  us  to 
believe  that  the  best  method  of 
bonding  reinforcing  bars  for  circu- 
lar construction  is  to  lap  the  rods  at 
least  50  diam.  so  that  the  bond  of 
the  rod  with  the  concrete  will  give 
the  necessary  strength  without  any 
tying  or  splicing  of  the  rods. 

By  Mr.  Conklin 

We  consider  that  lapping  the  re- 
inforcing and  tying  with  wire  is  per- 

'Am.  Hoist  and  Derrick  Co.,  St.  Paul 


haps  one  of  the  best  and  cheapest 
ways  of  splicing  reinforcing  when 
the  strains  are  very  heavy.  Using 
clips  would  perhaps  be  a  little  ex- 
pensive and  it  would  take  some  time 
to  make  the  splices.  We  consider 
it  necessary  to  make  splices  of  2'  or 
more  on  any  heavy  work.  We  do 
not  recommend  the  loop  splice,  as 
we  cannot  see  where  it  is  as  strong 
as  the  lap  splice.  In  our  circular 
construction  we  use  and  recommend 
wire  mesh  reinforcing,  as  we  believe 
that  it  is  more  evenly  distributed 
and  more  easily  put  in,  although  we 
have  contractors  who  use  the  rod  re- 
inforcing. Rods  can  be  bought  more 
cheaply  than  the  wire  mesh,  but  we 
consider  that  the  mesh  will  save  us 
time  in  placing.  Splicing  rods  or 
mesh  is  one  of  the  most  important 
things  in  placing  reinforcing,  and 
should  be  well  done. 

By  Mr.  Worcester 

I  have  no  definite  results  of  tests 
upon  which  to  base  my  opinion  with 
regard  to  the  splicing  of  rods  in 
heavy  circular  construction.  I  have, 
however,  a  strong  prejudice  against 
any  form  of  mechanical  bond  and 
in  favor  of  a  lapping  of  sufficient 
length  to  transfer  the  stress  from 
one  rod  to  the  other  by  means  of 
the  concrete.  My  objection  to  the 
mechanical  bond  is  that  I  am  not 
acquainted  with  any  device  the 
strength  of  which  is  developed  with- 
out a  very  definite  and  perceptible 
motion.  The  ultimate  strength  may 
be  all  right,  but  a  slight  motion  in 
order  to  develop  the  strength  may 
be  fatal  to  the  concrete. 

By  Mr.  Wason 

We  have  built  two  reinforced  con- 
crete stand  pipes.  In  each  case  we 
used  Crosby'  guy  rope  clips.  At 
the  time  of  building  the  first  stand 
pipe  we  made  some  tests  of  the 
value  of  this  clamp  at  the  Water- 
town  Arsenal  by  taking  two  bars  of 
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short  lengths,  clamping  them  to- 
gether with  three  clips,  and  finding 
that  thereby  we  developed  more  than 
the  working  stress  of  the  bars  with- 
out any  slip.  The  factor  of  safety, 
however,  as  nearly  as  I  can  remem- 
ber, was  not  more  than  11/2-  I  can- 
not quote  exact  figures.  Clips  were 
tested  on  bare  bars,  embedded  in 
concrete;  there  would,  of  course,  be 
a  still  greater  bond;  perhaps  it 
would  run  the  factor  up  to  a  quarter 
part  more.  It  is  necessary  to  have 
the  guy  rope  clips  made  to  order, 
because  the  standard  ones  are  oval 
in  shape,  in  order  to  jam  a  wire 
rope,  whereas  with  a  round  bar  it  is 
necessary  to  have  a  tight  fit  on  a 
circular  surface  to  get  the  best  grip. 


We  considered  the  clips  economical 
for  this  purpose,  as  we  used  ex- 
tremely long  bars,  60'  or  there- 
abouts, so  that  there  were  only 
three  bars  and  three  splices  to  a 
whole  circumference  for  a  50-ft. 
circle.  We  have  also  used  for  build- 
ing work  ordinary  welding  by  heat- 
ing in  a  furnace,  with  a;ood  results. 
We  have  made  welds  strong  enough 
so  that  a  bar  twisted  afterwards  cold 
did  not  break  at  the  splice. 

A  still  more  recent  method,  about 
which  we  know  little,  is  that  of  elec- 
tric welding,  which  mi<;ht  be  done 
more  economically  than  the  applica- 
tion of  three  guy  rope  clips,  and  it 
certainly  gives  most  excellent  results 
as  to  strength. 
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machinery;  that  complicated  structures 
can  be  built  by  the  aid  of  molds  and 
that  work  can  be  handled  in  restricted 
quarters  which  would  be  impossible  to 
carry  on  with  cut  stone.  It  has  especial 
advantage  in  reinforcing  cut  stone  ma- 
sonry, either  bridge  piers,  arch  culverts, 
abutment  walls,  parapets,  etc.,  where  a 
mold  can  be  constructed  and  a  good 
bond  made  between  the  old  and  the  new 
work." 

Many  new  uses  and  methods  of 
application  and  construction  have 
been  devised  for  concrete  since  1900 
but  such  advances  are  only  natural 
with  a  material,  the  advantages  and 
economy  of  which  were  so  clearly 
recognized,  even  in  the  very  infancy 
of  the  industry.  In  the  early  days 
concrete  structures  were  made  mas- 
sive and  much  heavier  than  necessary 
in  many  cases  because  of  ignorance 
as  to  its  behavior  under  all  condi- 
tions. Experience  has,  however, 
shown  that  reinforced  concrete  struc- 
tures can  be  of  relatively  light  con- 
struction if  properly  designed  and' 
we  are  now  entering  a  period  mark- 
ed by  economy  in  the  use  of  mate- 
rials. 
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American  Concrete  Institute,  Leonard- 
C.  Wason,  President,  27  School  St.,  Bos- 
ton. 


Concrete — A  Retrospect 

A  Letter  From  A.  M.  Wolf^ 

In  the  year  1900  the  Assn.  of  Ry. 
Supts.  of  Bridges  and  Bldgs.,  now 
The  Am.  Ry.  Bridge  and  Bldg. 
Assn.,  published  a  pamphlet  giving 
the  answers  to  a  list  of  questions 
sent  to  the  chief  engineers  or  similar 
officers  of  the  more  important  rail- 
way lines  in  America  and  to  all  of 
the  members  of  the  Association, 
covering  the  general  subject  of  con- 
crete construction-  This  bore  the 
heading:  'Is  Concrete  a  Suitable  and 
Economical  Material  for  Bridge 
Piers,  Abutments  and  Railway  Cul- 
verts  and  Arches?" 

Such  a  question  asked  today  would 
be  cause  for  expert  examination  as 
to  training  or  condition  of  mind,  but 
in  the  early  days  of  the  industry  it 
was  a  most  natural  question  to  ask. 
Stone  masonry  was  almost  univer- 
sally used  for  these  structures  and, 
true  to  their  traditional  conservatism, 
engineers  were  disinclined  to  use  a 
new  material  unless  its  worth  and 
economy  had  been  proven  by  experi- 
ence. 

iPrin.  Asst.  Engr.,  The  Condron  Co.,  Chi- 
cago 
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At  the  time  of  its  publication  this 
pamphlet  was  no  doubt  a  fairly  com- 
plete resume  of  practice  and  a  valua- 
ble kind  of  information  on  the  sub- 
ject, but  at  the  present  time  could 
hardly  be  considered  in  this  light. 
It  served  its  purpose,  however,  and 
no  doubt  did  much  toward  the  stand- 
ardization of  cement  manufacture 
and  the  application  of  concrete  for 
many  of  the  replies  pointed  out  the 
need  of  standardization  as  a  benefit 
to  the  industry. 

One  interesting  feature  disclosed 
was  the  extensive  use  of  concrete 
even  at  this  early  day  by  some  of  the 
railroads,  which  enabled  conclusions 
to  be  drawn  as  to  its  value  as  a 
construction  material,  which  have 
proven  entirely  correct.  The  reply 
of  H.  W.  Parkhurst,  then  engineer 
of  bridges  and  buildings,  Illinois 
Central  R.  R.,  to  a  question  asking 
for  reasons  for  or  against  the  use  of 
concrete  in  railway  bridge  or  build- 
ing work,  is  indicative  of  this  fact 
and  is  at  the  same  time  quite  appli- 
cable at  the  present  time. 

Mr.  Parkhurst  said: 

"Concrete  is  preferable  to  stone  ma- 
sonry on  account  of  its  greater  cheap- 
ness; the  fact  that  work  can  be  done 
without  the   use   of   derricks   and  hea^^y 


American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,  Chicago. 

American  Highway  Association,  Colo- 
rado Bldg.,  Washington,  D.  C. 


American  Road  Builders'  Association,. 
Secretarv,  E.  L.  Powers,  ISO  Nassau  St, 
N.  Y,   C. 

Association  of  American  Portland  Ce- 
ment Manufacturers  (Portland  Cement 
Association),  J.  P.  Beck,  Gen.  Mgr., 
Ill   Washington  St.,  Chicago. 


Cement  Products  Exhibition  Co.,  210" 
S.  LaSalle  St.,  Chicago,  111.;  Blaine  S. 
Smith,   Sec'y. 

Mid  West  Cement  Users'  Association,. 
Secy.-Treas.,  Frank  Whipperman,  Oma- 
ha, Neb. 


Blaine  S.  Smith  to  Have  FuW 
Charge  of  Next  Cement  Show 

At  the  adjourned  annual  meeting 
of  stockholders  of  the  Cement  Prod- 
ucts Exhibition  Co.,  held  May  23, 
1916,  the  following  directors  were 
elected:  B.  F.  Affleck,  Universal 
Portland  Cement  Co. ;  A.  Y.  Gowen, 
Lehigh  Portland  Cement  Co.;  J,  U.. 
C.  McDaniel,  Chicago  Portland  Ce- 
ment Co.;  W.  E.  Cobean,  Wolverine- 
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Portland  Cement  Co. ;  Wm-  Dickin- 
son, Marquette  Cement  Mfg.  Co.; 
D.  McCool,  Newaygo  Portland  Ce- 
ment Co.;  Robt.  F.  Hall,  Portland 
Cement  Assn.;  Arthur  Cameron,  Mu- 
nicipal Engrg.  &  Contrg.  Co.;  Blaine 
S.  Smith,  Universal  Portland  Ce- 
ment Co. 

The  directors  elected  the  follow- 
ing officers:  B.  F.  Affleck,  pres.; 
A.  Y.  Gowen,  vice-pres. ;  Blaine  S- 
Smith,  secy.;  J.  U.  C.  McDanicl. 
treas.  The  directors  elected  the  ex- 
ecutive committee  as  follows :  Blaine 
S.  Smith,  chmn. ;  A.  Y.  Gowen,  J. 
U.  C.  McDanicl. 


Mamial  Training  in  Concrete 

In  reference  to  manual  training 
in  concrete  work,  the  Portland  Ce- 
ment Assn.  makes  the  following 
announcement: 

Manual  training  in  concrete  has  been 
one  of  the  recent  additions  to  vocational 
courses  in  many  schools.  As  a  result  of 
the  unusual  interest  which  this  work  has 
created  the  Portland  Cement  Assn.  has 
been  deluped  during  the  la,st  few  months 
with  requests  for  information  on  Manual 
Training  in  Concrete,  and  a  number  of 
instructors  have  already  expressed  a  de- 
sire to  visit  Chicago  during  the  summer 
for  the  purpose  of  obtaining  direct  from 
the  cement  industry  greater  insight  into 
this  work. 

With  this  object  in  view  a  Short 
Course  on  Concrete  under  the  direction 
of  the  Extension  Division  of  the  Port- 
land •  Cement  .'\ssn.  has  been  arranged, 
on  which  occasion  manual  training  and 
vwational  teachers  will  have  an  oppor- 
tunity to  acquaint  themselves  with  the 
fundamentals  required  for  the  success- 
ful  teaching  of  this  subject. 

The  .Short  Course  will  include  lectures, 
demonstrations,  classroom  and  labora- 
tory work.  .\s  an  aid  to  the  conduct  of 
the  course  the  laboratories  and  lecture 
rooms  of  the  Lewis  Institute  have  lieen 
placed  at  our  disposal.  Several  topics 
in  the  course  will  be  illustrated  with 
motion  pictures,  lantern  slides,  charts 
and  models,  while  an  opportunity  will 
also  be  given  to  those  in  attendance  ac- 
tually to  perform  various  classes  of  con- 
crete work.  Schools  which  are  now  reg- 
ularly carrj'ing  on  concrete  courses  will 
be  asked  to  send  course  outlines,  draw- 
ings, report  forms  and  photographs,  as 
well  as  specimens  of  their  form  work 
and  concrete  exercises,  which  will  be  on 
exhibition  during  the  course. 

1.  Materials  for  Concrete,  Tests,  Meth- 
ods of  Selection,  Proportioning. 

? .  Mixing  and  Depositing  Concrete. 

3.  Tools  and  Equipment  for  Manual 
Training  Concrete  Work. 

4.  Forms  for  Simple  Exercises. 

5.  Surface  Treatments. 

6.  Methods  of  Curing  Concrete  Prod- 
ucts. 

7.  Watertight  Concrete:  Methods  of 
Repairing  Leaky  Cisterns  and  Tanks. 

8.  Fundamental  Principles  of  Rein- 
forcing. 

9.  Concrete  Highway  Construction. 

10.  Practical  Problems  for  Concrete 
Classes. 

Enrollment  is  open  to  supervisors  and 
in.structors  in  manual  training  work  with- 
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out  charge.  The  accommodations  are 
necessarily  limited,  owing  to  the  large 
amount  of  space  and  equipment  re- 
(piired  for  the  rather  extensive  demon- 
stration work,  and  preference  will  be 
given  applications  according  to  the  order 
in  which  they  are  received.  There  will 
be  no  expense  whatever  connected  with 
the  course  except  for  meals  and  lodg- 
ing, for  which  arrangements  have  been 
uuide  at  very  moderate  rates.  .Applica- 
tions for  enrollment  should  be  sent  to 
,\.  J.  R.  Curtis,  director  Extension  Di- 
vision, Portland  Cement  Assn.,  Ill  West 
Washington   St.,  Chicago. 


Meeting  of  the  Am.  Sac. 
for  Testing  Materials 

The  nineteenth  annual  meeting  of 
the  Am.  Soc.  for  Test.  Mat.  will  be 
held  at  the  Hotel  Traymore,  Atlantic 
City,  N.  J.,  June  27-"y0,  1916. 

The  program  is  announced  as  fol- 
lows: Tuesday,  June  27,  A.  M.,  Re- 
l)orts  of  the  committees,  election  of 
officers ;  Tuesday,  P.  M.,  Papers  on 
miscellaneous  materials :  Tuesday 
Evening,  Presidential  Address,  and 
Heat-Treatment  of  Steel ;  Wednes- 
da_v,  A.  M.,  Steel  and  Iron;  Wednes- 
day, P.  M.,  Tests  and  Testing. 

Thursday's  sessions  will  consist  of 
papers  of  direct  interest  to  the  con- 
crete field,  as  follows: 

Thursday,  A.  M.;  Report  of  Com- 
mittee C-1,  Cement,  Geo.  F.  Swain, 
Chairman;  Report  of  Committee 
C-9,  Concrete  and  Concrete  Aggre- 
gates, Sanford  E.  Thompson,  Chair- 
man ;  Report  of  Committee  D-8,  Wa- 
terproofing, W.  A.  Aiken,  Chairman; 
The  Specific  Gravity  of  Non-Homo- 
geneous Aggregates,  Prevost  Hub- 
bard and  F.  H.  Jackson ;  Autoclave 
Cement,  H.  J.  Force ;  The  Strength 
of  Clamped  Splices  in  Concrete  Re- 
inforcement Bars,  E.  L.  Easier;  A 
Method  of  Making  Wear  Tests  of 
Concrete,  D.  A.  Abrams ;  A  New 
Form  of  Specification  for  Concrete 
Material,  Cloyd  M.  Chapman. 

Thursday,  P.  M. — Report  of  Com- 
mittee C-4,  Clay  and  Cement  Sewer 
Pipe,  Rudolph  Hering,  Chairman; 
Report  of  Committee  C-6,  Drain 
Tile,  A.  Marston,  Chairman ;  The 
Effect  of  Temperature  during  and 
after  Immersion  upon  the  Results  of 
.-Absorption  Tests  of  Drain  Tile.  W. 
J.  Schlick ;  Practical  Methods  for 
Testing  Refractory  Bricks,  C.  E. 
Nesbitt  and  M.  E"  Bell;  Report  of 
Committee  D-4,  Road  Materials,  L. 
W.  Page,  Chairman ;  Evaporation 
Loss  Tests  on  Asphalts,  R.  O.  Fitch. 

The  Friday  A.  M.  session  is  de- 
voted to  papers  on  Non-Ferrous 
Metals  and  Cast  Iron,  and  the  after- 
noon to  the  consideration  of  miscel- 
laneous materials. 


Summer  Engineering 
School 

A  summer  session  of  the  College 
of  Engineering,  University  of  Wis- 
consin, will  be  held  during  the  six 
weeks  beginning  June  26.  Special 
courses  in  chemistry  and  engineer- 
ing will  be  given.  A  booklet  with 
full  information  in  regard  to  courses, 
rates  and  other  information  can  be 
obtained  from  F.  Turneaure,  Dean, 
Madison,  Wis. 


The  Industrial  Arts  Index,  pub- 
lished by  the  H.  W.  Wilson  Co., 
White  Plains,  N.  Y.,  indexes  the  con- 
tents of  about  80  periodicals  devoted 
to  trades  and  manufactures,  mining 
and  metallurgy,  lighting,  heating 
and  ventilation,  etc.,  Conchete  be- 
ing the  representative  in  the  index 
of  its  special  field.  All  articles  of 
any  importance  whatever  are  indexed 
under  as  many  subject-headings  as 
the  contents  demand,  and  consider- 
able use  is  made  of  cross-references 
to  direct  the  searcher  for  informa- 
tion to  all  sources  where  desired  ma- 
terial may  be  found.  The  Index  is 
issued  five  times  a  year,  in  Feb., 
Apr.,  June,  Oct.  and  Dec,  and  each 
number  is  fully  cumulated  from  the 
beginning  of  the  year  to  date  of 
issue.  This  makes  it  unnecessary  to 
use  any  but  the  latest  number  at  any 
time  for  a  complete  record  for  the 
year  to  date  of  issue.  The  Dec. 
number  for  each  year  is  the  annual 
cumulation,  and  is  furnished  bound 
in  library  buckram.  The  only  meth- 
od by  which  this  index  can  be 
brought  within  the  reach  of  all  to 
whom  it  would  be  useful  and  still 
guarantee  to  the  publishers  sufficient 
support  to  warrant  them  in  continu- 
ing its  publication,  is  by  making  a, 
subscription  rate  based  on  the  num- 
ber of  periodicals  which  each  sub- 
scriber receives. 


A  Correction 

Through  an  error,  the  article  on 
"Forms  for  Concrete,"  in  the  May, 
19^6,  issue  of  Concrete  was  cred- 
ited to  Robert  Sherwin.  This  article 
was  by  R.  A.  Sherwin,  Supt.  for  the 
Aberthaw  Const.  Co.,  Boston. 


Every  man  who  can  afford  a  car 
can  afford  a  garage.  Ask  local  deal- 
ers for  weekly  reports  as  to  new  car 
owners. 


The  top  coat  adds  greatly  to  the 
cost  of  sidewalks  and  floors  and  in 
many  cases  the  work  would  be  bet- 
ter if  the  high  finish  were  omitted. 
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Construction  of  a  Sanitar 
Creamery 


A  large  creamery  and  cheese  fac- 
torj'  has  recently  been  built  at  Slate 
Hiil,  N.  Y.,  by  The  Clover  Farms, 
Inc.,  N.  Y.  C.  The  building  was 
designed  to  combine  permanent  fire- 
proof construction  with  moderate 
cost. 

A  study  of  the  illustrations  show 
that  the  building  is  42'  x  166',  of 
which  90'  is  two  stories  in  height 
and  the  remainder  one  story.  As  the 
building  sets  in  a  bank,  considerable 
retaining  wall  work  was   necessary. 

The  milk  is  taken  in  on  the  sec- 
ond floor  level  and  flows  by  gravity 
to  a  mezzanine  floor  7'  above  the 
main  floor,  where  it  is  separated.  It 
then  again  flows  by  gravity  to  other 
departments. 

All  wall  work  is  double,  consisting 
of  two  6-in.  walls  separated  by  a 
2i4-in.  air  space.  The  walls  were 
built  with  a  hollow  wall  machine^ 
and  plastered  outside  and  inside  on 
the  rough  surface  left  by  the  ma- 
chine. Each  wall  is  reinforced  with 
No.  9  iron  wire  9"  o.  c.  horizontally 


y  and  Fireproof  Concrete 
Building 


ings  and  at  the  large  openings  in  the 
boiler  room  heavier  bars  were  used. 
Bank-run  sand  and  gravel  were  used 
as  aggregate  and  hauled  about  2  mi. 
at  a  cost  of  50  cts.  per  yd.  and  15 
cts.  per  yd.  was  paid  for  the  gravel 
at  the  pit.  About  650  cu.  yds.  were 
used  in  the  construction,  with  about 
750  bbls.  of  Vulcanite  cement.^  All 
material  was  mixed  and  handled  by 
hand.  About  12  men  were  employed 
and  the  work  occupied  about  3  mos. 
Of  this  time  about  1  mo.  was  for 
excavating  and  foundation  work  and 


Fig.  1 — Plan  and  Section  of  Creamery  at  Slate  Hill,  N.  Y. 


and  tied  together  with  No.  6  wire 
ties  about  2'  apart  at  everj'  9-in. 
course,  the  ties  averaging  about  one 
per  sq.  ft.  of  wall.  One-half-in. 
rods  were  used  over  all  small  open- 


for  finishing  after  the  walls  and  roof 
were  up ;  23,000  sq.  ft.  of  5-in.  floor- 
ing were  placed,  a  gang  being  em- 
ployed on  this  work  about  24  das. 
The  concrete  base  was  first  laid  and 
then  a  114-in.  top  coat  with  floor 
liardener^  was  placed  at  once.  The 
mezzanine  floor  was  built  over  metal 
Floretyle.''  The  walls  were  finished 
with  stucco  1 :3  with  5%  of  hydrated 
lime  and  a  sand  finish  was  used  in- 
side and  out.  There  were  1,300  sq. 
yds.  of  plastering  outside  and  about 
1 ,500  yds.  inside.  The  plastering 
cost  was  about  38  cts.  per  sq.  yd. 
The  cost  of  the  rough  wall  was  about 
12l/'2  cts.  per  sq.  ft.  The  main  roof 
is  covered  with  slate. 

Steel  factory  sash*  was  used 
throughout.  The  cost  of  the  build- 
ing complete  ready  for  machinery 
was  about  $16,000.  The  building 
was  erected  by  George  DeLap'  and 
the  wall  construction  was  under  the 
direct  charge  of  George  E.  Lewis.' 


Figs.  2  and  3 — General  Views  of  Creamery 


All  bends  in  reinforcing  bars 
should  be  carefully  examined  for 
cracks  before  placing  the  bars  in  po- 
sition, a  precaution  which  is  not  al- 
ways observed. 


^Vulcanite  Portland  Cement  Co.,  N.  Y.  C. 

^Trus-Con  Laboratories,  Detroit 

'Trussed  Concrete  Steel  Co.,  Youngstown, 
Ohio 

^Contr.,  Kenoza  Lake,  N.  Y. 

•Supt.  for  Van  Guilder  Hollow  Wall  Co., 
Rochester,  N.  Y. 
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New  Equipment,    Methods  and  Materials  : 

New  Tools  with  Which  the  Industry  Works  □  n 


Fio.  1 — Garage  Door  Arranged  to  Swixg 
As  One  Unit  and  Si-roE  Around  the 
Corner 

Fig.  2 — Garage  Door,  Showing  Position 
IN  Turning  Corner 

Curved  Track  Solves  the  Gar- 
age Door  Problem 

A  satisfactory  door  arrangement 
for  small  garages  has  been  very  dif- 
ficult to  find.  The  wide  opening  in 
a  small  building  makes  it  impossible 
to  use  a  sliding  door  without  taking 
up  valuable  space  and  using  a  more 
or  less  unsightly  track  outside  the 
building.  Swinging  doors  are  also  in- 
convenient and  are  liable  to  damage 
by  high   winds. 

The  illustrations  show  a  sliding 
door  arrangenienf^  which  is  inexpen- 
sive and  effective.  Using  this  ar- 
rangement the  doors  are  divided  in 
comparatively  narrow  units  and 
hinged  together.  Curved  track  is 
provided,  as  shown  in  the  illustra- 
tion. This  allows  the  door  to  be  slid 
around  the  corner  inside  the  garage, 
where  it  is  completely  out  of  the 
way    and    fully    protected.      If    de- 

'Louden  Machy.  Co.,  Fairfield,  la. 
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The  commercial  develop- 
ment of  machines,  tools  and 
materials,  and  the  new  methods 
which  their  use  involves  have  a 
most  important  part  in  the  pro- 
gress of  the  concrete  field.  An- 
nouncements of  such  develop- 
ments, particularly  in  reference 
to  their  demonstrated  import- 
ance in  actual  practice,  are 
welcome.  The  Editors  vnll 
select  for  publication  that  ma- 
terial which  conveys  the  infor- 
mation of  most  practical  value 
to  the  Reader,  without  regard 
to  other  considerations. 


sired,  one  section  of  the  door  may 
be  arranged  to  swing,  without  in  any 
way  interfering  with  the  working  of 
the'  main  door.  This  is  shown  in 
tlie  illustration. 


tough,  abrasive  mixture;  it  has  been' 
tested  out  for  over  a  year  at  the 
main  entrance  of  the  Brooklyn 
bridge  and  is  said  to  show  very  lit- 
tle wear  under  the  heavy  traffic. 
While  these  treads  can  be  applied  to 
all  types  of  stairs,  when  ordered  for 
new  concrete  work  they  are  shipped 
with  anchors  attached,  ready  to  be 
put  in  place. 


A  New  Type  of  Mason 
Safety  Tread 

The  accompanying  illustration 
shows  a  new  type  of  tread^  recently 
placed  on  the  market.  The  tread 
retains  the  good  features  of  the 
.older  types,  including  the  deformed 
surface  for  catching  foreign  sub- 
stances and  the  open  groove  at  the 
end  for  drainage.  The  abrasive  ma- 
terial is  carried  entirely  through  the 
tread  so  that  it  can  be  used  until 
completely  worn  out. 

The  new  tread  is  made  of  a  skele- 
ton metal  frame,  the  surface  of 
which  presents  a  series  of  raised  dia- 
mond-shaped openings  through  which 
projects    the    base,    which    is    of    a 


The  Mason  Black  Diamond  Safety 
Tread 

»The    American    Mason    Safety    Tread   Co., 
Lowell,  Mass. 


Concrete  Bird-Bath 

New  Bird-Bath  Mold 

Now  that  there  is  a  widespread 
interest  in  attracting  wild  birds 
about  the  home,  there  is  an  increas- 
ing demand  upon  concrete  products 
manufacturers  for  bird  baths.  The 
one  shown  in  the  accompanying  il- 
lustration is  from  a  mold^  recently 
placed  on  the  market.  The  mold  is 
in  two  parts,  the  basin  28"  in  diam. 
and  the  pedestal  to  give  a  height  of 
Si",  having  a  base  14"  in  diam. 


Special  Hardware  for 
Garage  Doors 

In    the    construction    of    concrete 
garages  a  very  definite  problem  is 


'Architectural  Mold   Co.,  Detroit 
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A   Concrete   Garage  with   Folding 
Doons  ox  Special  Hinges 

presented  in  constructing  a  door 
that  will  afford  free  access  and 
which  can  at  the  same  time  be  han- 
dled easily  in  all  seasons. 

A  special  line  of  door  hardware- 
has  been  made  available  for  this  pur- 
pose. The  illustration  shows  a  ga- 
rage of  inexpensive  construction 
where  the  entire  front  is  made  avail- 
able as  a  doorwav  by  using  four 
doors  hung  on  special  hardware.  A 
number  of  types  of  hangers  are 
available  to  suit  special  conditions. 
A  hint  worth  noting  afforded  by  the 
illustration  is  the  construction  of 
fire-resisting  doors  by  the  use  of  cor- 
rugated iron  on  wood  frame.  A  sub- 
stantial and  inexpensive  door  is  se- 
cured. 


of  these  machines  at  work  and  also 
a  close-up  view  of  one  of  the  ma- 
chines and  a  detail  of  the  grinding 
wheel.  The  machine  is  operated  by 
one  man  and  weighs,  with  an  extra 
saddle-weight,  400  lbs.  when  in 
operation.  The  flexible  wheel  is 
made  by  securing  three  castings, 
rach  carrying  three  grinding  blocks, 
to  the  main  frame  of  the  grinding 
wheel.  These  castings  are  allowed  a 
certain  amount  of  movement  which 
enables  them  to  reach  high  and  low 
spots  in  the  floor.  Tlie  present  ma- 
chine is  the  outcome  of  long  experi- 
ence in  designing  stone  finishing 
machinerv. 


I^igiit-Proof  Blue   Print  Paper  HornEn 


Cavicchi  Floor  Suhfacers  at  Work 
M'.  I.  T.   Bldgs.  and  Detail  of  Grind- 
ing  Wheel 

A  Floor  Sur facer  tcith  a 
Fleocible  Grinding  Wheel 

A  new  floor  surfacing  machine'^ 
has  recently  been  given  a  thorough 
tryout  and  has  been  adopted  for  use 
in  surfacing  the  floors  of  the  new 
buildings  for  the  Mass.  Inst,  of 
Tech.,  under  the  supervision  of 
Stone  and  Webster  Engrg.   Corpn. 

The  illustration   shows   a  number 

'Richard   Wilcox  Co.,  Aurora,   III. 

'Cavicchi  Polishing  Machinery  Co.,  Quincy, 
Mass. 
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A  Light-Proof  Roll  for  Blue 
Print  Paper 

A  convenient  storage  for  blue 
print  paper,  where  it  is  safe  from 
light  and  quickly  and  easily  acces- 
sible in  any  quantity  desired,  has 
been  provided  by  a  light-proof  roll 
holder,  furnished  with  a  steel  tape 
by  which  the  desired  amount  of  pa- 

'Kolesch  &  Co.,  N.  Y.  C. 


per  can  be  conveniently  measured. 
A  cutting  edge  is  arranged  so  that 
it  is  only  necessary  to  draw  out  the 
desired  amount  of  paper  and  cut  it 
off  in  a  single  operation.  The  illus- 
tration shows  this  operation  clearly. 


Trade  Publications     n 


Architects'  Specifications  for  Carey 
Building  Materials — The  Philip  Carey 
Co.,  Cincinnati,  paper,  Sy./'  x  11",  illust. 
This  catalog  and  specification  book, 
which  describes  Carey  products,  really 
consists  of  seven  loose-leaf  catalogs.  It 
can  be  separated  and  filled  as  desired. 
Roofing,  expansion  joint  fillers,  water- 
proofing and  insulating  materials  are  de- 
scribed. The  several  folders  are  col- 
lected in  a  unique  and  attractive  binder. 
In  addition  to  information  concerning 
the  various  products,  specification  clauses 
are  included  for  convenient  reference. 

Park  Forms  Best  for  Cement  Steps — 
H.  L.  Park  Co.,  Reading,  Mass.,  folder, 
4"  X  7",  10  pp.,  illust.  This  attractive 
piece  of  trade  literature  describes  a  sim- 
ple set  of  forms  for  making  concrete 
steps  of  all  kinds.  A  unique  edger  that 
insures  a  perfectly  straight  edge  has  also 
been  developed. 

Tlie  Mixer  That  Makes  Money  for  the 
Contractor — Chain  Belt  Co.,  Milwaukee, 
folder,  6"  x  T'-o".  two  colors,  illust.  This 
is  a  well  designed  and  attractive  folder 
describing  the  Rex  6  and  the  Rex  10 
mixer. 

The  Little  Wonder  ScaflTold  Hoist- 
Eclipse  Scaffolding  Co.,  Omaha,  Nebr., 
paper,  6"  x  9",  32  pp.,  illust.  This  cat- 
alog describes  in  detail  a  new  type  of 
scaffold  hoist  which  has  many  advan- 
tages. Diagrams  make  clear  not  only 
the  operation  of  the  hoist  but  also  the 
proper  arrangement  and  design  of  stag- 
ing. 

Ha\'ward  Buckets  —  Pamphlet  609 — 
The  Hayward  Co.,  N.  Y.  C,  paper,  6" 
X  9",  two  colors,  8  pp.,  iUust.  An  at- 
tractive bulletin,  showing  the  use  of 
Hayward  buckets  in  handling  concrete 
materials.  The  special  adaptability  of 
the  bucket  to  this  kind  of  work  Is  strik- 
ingly shown  by  the  illustrations. 

Par-Lock— Mastic  Bond  Co.,  N.  Y.  C, 
paper,  »%"  x  11",  4  pp.,  illust.  This 
folder  describes  the  methods  used  in  ap- 
plying a  waterproof  coating  and  embed- 
ding in  it  gravel  in  such  a  way  as  to 
form  a  perfect  plaster  surface. 

Where  to  Buv  Granito— White  Stone 
Marble  Co.,  Atlanta,  Ga.,  folder,  4"  x 
8Vo",  4  pp.  This  folder  presents  the 
advantages  of  whitestone  marble  for  ter- 
razzo  and  concrete  products. 

A  Mountain  of  Barrett  Specification 
Roofs— The  Barrett  Mfg.  Co.,  N.  Y.  C, 
folder,  10V„"  x  13 ",  8  pp.,  2  colors.  This 
is  an  exceptional  piece  of  advertising 
matter  and  illustrates  in  a  combination 
picture  60  prominent  buildings,  all  of 
which  have  been  roofed  with  Barrett 
products — a  convincing  piece  of  adver- 
tising literature. 

Little  Giant  Punches  and  Shears— Lit- 
tle Giant  Punch  &  Shear  Co.,  Sparta, 
111.,  paper,  SVo"  x  8",  20  pp.,  illust.  An 
attractive  booklet  illustrating  and  de- 
scribing the  Little  Giant  line  of  punches 
and  shears  for  bars  and  sheet  steel. 
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